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The Mercedes-Benz 
Turbodiesels for1985: 
still the most powerftil 
line of diesels 
sold in America. 


THE MERCEDES-BENZ 300D 
Sedan, 300TD Station Wagon and 
300CD Q)upe represent tliree 
variatioas on a rascal theme: the 
idea that dramatic over-the-road 
performance can be blended 
with diesel efficiency' and 
stamina 

The idea works. These 
Mercedes-Benz TurbtxlieseLs 
mote. With accelerative energy' 
and cruising ease worthy of gas¬ 
oline-powered cars. With power 
enou^ to flatten hills and make 
quick work of sudden passing 
maneuvers. 

TLIRBODIESEL POWER, 
DIESEL DURABUm' 

Yet consider the Ixxtom line. The 
Turtxxiiesel you will be living 
with and maintaining and paying 
the bills for, y'ear in and year out. 
Is a true-blue diesel. No complex 


elcxtrical system. No conven¬ 
tional tune-ups. A durability faaor 
that has become pan of auto 
motive folklore. 

The key' to the Mercedes-Benz 
Turbcxjiesels’ performance is less 
the ti4rho tlian tlie diesel-\\s 
three-liter, Hve-cylinder engine. 

It is unique, a high torque 
powerhouse so advanced that it 
even oil-ctxils its own pistoas as 
they move. 

Turbocharging any engine 
b(x)SLs its power Turixxrliarging 
this engine Ixxjsls its power-by 
42 percent in mcxlels sold on the 
Wist Coast, by 45 percent in m(xl- 
els sold elsewhere. 

Many' makers hav'e aped the 
Turbcxliesel idea since Mercedes- 
Benz pioneered it in production 
automobiles in 1978. Scant sur¬ 
prise tliat no maker has yet aped 
the Mercedes-Benz Tuitxxliesels’ 


v'ivid lev'el of performance. 

Tlie Turbodiesels rank not only 
as the most jiowerful but also the 
most iwied line of diesels sold in 
Nortli America ttxlay: 

SEDAN, SWION WAGON 
AND COUPE 

The four-dcx3r 300D Sedan ac- 
commcxlates five persoas and a 
gaping 12-cu.-ft. trunk within a 
wheelbase of just 110 inches, 
helping lend near spoas-sedan 
agility' to this familiy-sized 
automobile. 

“The 300Ds success in striking 
a balance between ride comfoa 
and handling respoase” repoas 
one automtxive journal, “Is 
equalled by less than a liandful 
of other cars in the world’ 

Tlie 300TD Station Wagon 
interlaces the driving pleasures of 
a Mercedes-Benz with the work¬ 
horse utility of a five-door carry- 
all. Ttxal cargo capacity well 
exceeds 100 cu. ft. A hydropneu- 
matic ladling sy'stem is integrated 
with the rear suspension, to help 
keep the vehicle riding on an 
even keel-whether tlie load Is 
heav'y' or liglit. 

EXOTIC, YET PRACTICAL 

The 300CD Coupe is die world’s 
only limited-production two-plus- 
two diesel touring machine. It sits 
on a taut 106.7-incli wheelbase- 
one secret cf its quick-witted 
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agilit\: iLs graceful coupe bod\'- 
worl^ saas central door pillars, 
is formed in a process involving 
inteasive handworkmaasliip. 
The 300CD is that rarity erf' 
rarities, an automobile both 
highly exotic arid relentlessly 
practical. 

Sedan or Station Wagon or 


Coupe, Mercedes-Benz Turbo¬ 
diesel power is harmonized with 
high standards of performance 
in even' sease of the word 
From saspension to steering to 
brakes, every' Turbcxiiesel is engi¬ 
neered to be a precision driving 
iastrument. “There’s a cornucopia 
of driving delights atyour dispel” 


concludes Car and Drii er- 
suggesting that in driving pre¬ 
cision there Is driving pleasure. 

From biomechanic^y correa 
seats, to a superb automatic 
climate contrc:>l sy'stem, to the 
dulling trf the outside wind noise 
to an almost inaudible murmur, 
remarkable a)mfoa prevails. 
Virtually every' lisefid driving 
amenit\' Is standard, including an 
uncannily precise electronic 
cruise-control unit. 

Safet\' precautioas are re¬ 
markably compreheasive-both 
in helping avoid trouble, and in 
protecting the (xrcupants should 
trouble occur. 

MORE THAN POWER 

Ultimately, the TurbodieseLs 
appeal extends be\'ond their per¬ 
formance and driving pleasure. 
There is no more powerful line 
erf diesels sold in North America- 
and there mav' be no more 
versatile, more competent, more 
timely line cT automobiles. In 
North America, or the world. 



Engineered like no other 
car in the world 



SEE YOUR AUTHORIZED 
MERCEDES-BENZ DEALER 
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A full carat or more. For your better half 


^ quality diamond ot a carat or more. 

V Quality. It’s as important in diamonds as in 

anything else you own. It’s especially important 
diamonds ol a carat or more. 

Extraordinary. One of nature’s most perfect 
gifts is also the hardest natural gemstone known to 
man. It’s spectacular. Impressive. And rare. 

In order to understand quality in diamonds, 
one must understand the 4C’s; Cut, Color, Clarity 
and Carat-weight. It is the 4 ^ characteristics that 
determine the value of a diamond. 

Your jeweler is the expert where diamonds are 
concerned. He can show you diamonds ol a carat or 
more of such exceptional quality as to please even 
the most discriminating tastes. Give her the 
ultimate. A quality diamond ot a carat or more. 

A diamond is forever. 

The necklace shown features a cjuality diamond of 2 carats. 

Since this isn’t the kind of purchase you make every day, we've prepaid an informative briKhure to help you make the right decision. 

For your copy, send i2.00 to Diamond Information Center, Dept. C, 1345 Aicenue of the Americas, NY, NY 10105. 
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FIRST LINE 


You See It Here First 


Outpacing the News 

Six months ago Nevin S. Scrimshaw wrote 
in these pages that the food aid policies of 
the Western nations have not helped, and 
may actually have compromised, the abil¬ 
ity of many Tliird World nations to feed 
their hungry. He also predicted that with¬ 
out dramatic changes problems of hunger 
and malnutrition would worsen (August! 
September 1984). Scrimshaw’s article 
forecast the tragedy in northeastern Africa 
more sharply than we imagined. 

“The Politics of Starvation” is but one 
recent example of Technology Review's 
service in previewing for our readers prob¬ 
lems arising at the interface of technology 
and society. In “The Not-So-Clean Busi¬ 
ness of Making Chips” (Muy/June), Jo¬ 
seph LaDou first called to public attention 
potential health hazards in the semicon¬ 
ductor industry that are now becoming a 
major issue for high technology. 

Perhaps our most stunning recent pre¬ 
view, however, came in the contributions 
from Barton J. Bernstein and Harvey V. 
Fineberg in the November/December is¬ 
sue. Both these authors raised troubling 
questions about the technical feasibility, 
ethics, and politics of the artificial heart. 
Only two weeks after the articles ap¬ 
peared, William J. Schroeder received an 
artificial heart, amidst intense publicity, at 
the privately owned Humana Heart Insti¬ 
tute in Louisville. Bernstein had warned 


that “business 
firms, less sus¬ 
ceptible to effec¬ 
tive control than 
medical schools, 
. . . may soon 
dominate the ar¬ 
tificial-heart bus¬ 
iness. The possi¬ 
bility of mean¬ 
ingful control 
over develop¬ 
ment and distri¬ 
bution of artificial hearts may slip away.” 

There are earlier examples, too. Our 
most reprinted articles are the set on “Pre¬ 
scriptions for Nuclear Power” (February! 
March 1984), in which five authors re¬ 
ported alternatives for a safer nuclear fu¬ 
ture. This followed by three months our 
most talked-about article in recent years, 
“The Trouble with Fusion,” by Lawrence 
M. Lidsky (October 1983). Lidsky made 
the controversial proposal that today’s fu¬ 
sion research is seeking a reactor so com¬ 
plex as to be unacceptable to most of those 
for whom it is planned. 

Magazines with publication schedules 
such as ours are not supposed to make 
news; their mission is to provide the care¬ 
ful weighing that is impossible under the 
pressures of daily deadlines. So we take 
special pride in having so often published 
thoughtful analysis of issues before our 
readers knew it was needed.— John Mattill 



Solving Tomorrow’s Problems 
with Today’s Technology 

The cover story in this issue (“Charting 
the Way the World Works," by Donella 
Meadows) is the first of several articles 
commissioned by Technology Review 
with the help of former students and col¬ 
leagues to honor the late Carroll L. Wil¬ 
son, who was Mitsui Professor, Emeritus, 
in Problems of Contemporary Technology 
at M.l.T. when he died early in 1983. 

Wilson took charge of a major interface 
of technology and policy in 1947, when 
he became first general manager of the 
U.S. Atomic Energy Commission. But his 
best-remembered contributions began 10 
years later, when he joined the Sloan 
School of Management and began a series 
of projects on major global problems. 

Sensing a “leadership vacuum” among 
the then-new nations of Africa, Wilson con¬ 


ceived of sending teams of recent M.l.T. 
graduates to help African countries de¬ 
velop management skills and solve press¬ 
ing problems. Those who participated 
found the direction of their careers and 
the nature of their lives forever changed. 
Then came studies on using single-cell pro¬ 
tein to relieve world hunger, mitigating 
effects on climate, the value of alternative 
energy sources, using world coal, and 
finally replacing nuclear arms with con¬ 
ventional ones. 

Tlie common denominator in all these 
activities was Wilson’s sense that future 
problems, however dimly perceived, might 
be averted by intelligent application of 
present technology. Perhaps the editors’ 
highest aspiration for this magazine is that 
its readers might share at least some of 
that perceptive vision of the potential of 
today’s technology to improve tomor¬ 
row’s lives.— John Mattill 
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LETTERS 


Chip Making, Singapore Software, 
Hydrc^en Fuel 


The Dangers of Making Chips 

Your articles on the effects on human 
health of the semiconductor industry im¬ 
ply that there is a permissible degree of 
sloppiness, subject to litigation and quib¬ 
bling, in running a dangerous operation. 
(See "The Not-So-Clean Business of Mak¬ 
ing Chips” by Joseph LaDou, May/June, 
page 22.) 1 suggest a revolutionary ap¬ 
proach; do things the way we did in the 
emerging aircraft industry. With headlines 
blazing every accident involving aircraft, 
safety became the moral and economic key 
to survival. Every known or suspected risk 
was reduced almost to zero. The result has 
been an excellent and ever-improving 
safety record, for both customers and 
workers, over the past 50 years. 

Not until later did the idea that airlines 
were playing dice with passengers’ lives 
rear its ugly head. The concept of “ac¬ 
ceptable contamination levels” in industry 
seems to be tarred with the same brush. 
Considering the hidden costs of litigation, 
safety experts, bureaucratic wrangling, 
public relations, etcetera, 1 suggest that 
legislation be devised to reward the man¬ 
ufacturers who put down their guns first. 

J.R. Foley 

Vernon, Conn. 

Nuclear fission has been the main eco¬ 
nomical solution to the world’s increasing 
energy demands for some decades. Despite 
these demands, the development of nu¬ 
clear energy has been all but blocked by 
uninformed doomsayers like Joseph 
LaDou, who are supported by whatever 
publicity for their views they can extract 
from the media. 

Our current major high-tech product 
comes from Silicon Valley. Are you bent 
on helping LaDou destroy that product? 
When a political battle like this one is in 
the making. Technology Review should 
either stay out or come out in favor of 
technology. 

John Granlund 
Charlottesville, Va. 


Alison Bass’s article about definitions of 
injury and illness in the microelectronics 
industry (Mayljune, page 33) was espe¬ 
cially interesting. It calls to mind the fact 
that in some recent court cases, medical 
experts have had to educate judges re¬ 
garding the uses of the word “injury” in 
science and medicine. 


Record keeping for industrial accidents 
can be complicated. Coal miners severely 
injured in mine accidents used to be given 
office or even groundskeeping jobs so their 
injuries would not have to be reported. 
Another problem is that information on 
environmental and occupational illness 
usually includes only a patient’s last oc¬ 
cupation, when a disease might actually 
be traced to a previous occupation. 

Jerrold L. Abraham 
Syracuse, N.Y. 

Dr. Abraham is associate professor and 
director of environmental and occupa¬ 
tional pathology at the State University of 
New York. 



Software from Singapore 


In “Will High Technology Come from 
Southeast Asia?” (November!December, 
page 10), Marshall Goldman makes sev¬ 
eral errors in fact and, more importantly, 
of interpretation. 

The population of Singapore is 2.5 mil¬ 
lion, not 5 million, as Goldman reports. 
Nor is the National University of Singa¬ 
pore the only university. Though more 
specialized, Singapore Polytechnic, Ngee 
Ann Polytechnic, and Nanyang Techno¬ 
logical Institute are of similar academic 
level. Hence, 15 to 20 percent of the pop¬ 
ulation, rather than 9 percent, has access 
to university-level education. 

Nor has Singapore adopted a strategy 
of foregoing innovation, as Goldman sug¬ 
gests. The explicit policy of Prime Minister 
Lee Kuan Yew is to seize leadership in 
high-tech industries—from computer soft¬ 


ware to robotics to alternative energy—in 
Southeast Asia. The specific objective of 
Singapore’s National Computer Board 
(NCB) is to make Singapore a center for 
world software development by 1990. The 
government has made an extraordinary ef¬ 
fort to develop skilled labor in this field, 
of which the four university-level institu¬ 
tions are only a part. 

For example, the University of Singa¬ 
pore, with the help of IBM, established the 
Institute of Systems Science in 1981. Sony 
and the Japanese government have collab¬ 
orated with the NCB to create the Japan- 
Singapore Institute of Software Technol¬ 
ogy. And International Computers Lim¬ 
ited (of the United Kingdom) and Ngee 
Ann Polytechnic joined to establish the 
Center for Computer Studies. These pro¬ 
duce between 600 and 700 computer 
professionals each year, the target being 
8,000 by 1990. Before 1980, Singapore 
had a total of 800 computer specialists. 

Although Singapore is not devoting re¬ 
sources to inventing new generations of 
computer hardware, the country has ex¬ 
pended considerable effort to induce for¬ 
eign firms to set up R&cD facilities on the 
island. All these efforts have generated as¬ 
tonishing economic growth. Singapore’s 
per capita national product is now about 
$5000 per year, second in Asia only to 
Japan. The objective is to achieve S10,000 
by 1990, roughly where Japan is now. 

Richard D. Robinson 
Cambridge, Mass. 

The writer is professor of international 
management at M.I.T.’s Sloan School. 

The author responds: 

I did err in stating that the population of 
Singapore is 5 million. However, in both 
my own visit to Singapore and checks with 
the Singapore Embassy in Washington, I 
found that there is indeed only one uni¬ 
versity, the National University of Singa¬ 
pore. The other institutes are not 
universities in the commonly accepted 
meaning of the word, nor are they insti¬ 
tutes like M.I.T. They do not provide 
significant graduate or more advanced 
work, and few of their students even do 
undergraduate-level work. 

Singapore is schooling specialists in the 
use of computers and software, but they 
will largely receive “hands-on,” advanced 
vocational training. This is hardly univer¬ 
sity-level work like that being done in Ja- 
Continued on page 20 
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ROBERT C. COWEN 


Shackling Lunar Developers 


N early 16 years after men first 
walked the cratered surface of the 
moon, NASA and its advisors 
sense the time is ripe to think about re¬ 
turning there. They are probably right. Es¬ 
tablishing lunar missions would be 
relatively easy after developing the space 
station and the orbit-to-orbit ferry craft, 
which the National Aeronautics and Space 
Administration (NASA) hopes to have in 
place in the 1990s. Indeed, if such a system 
is the next logical step in space, as NASA 
contends, then a moon base may well be 
the next logical step beyond that. But to 
ensure the viability of such a base, NASA 
will have to work its way—soon—through 
a thicket of international law. TTie crucial 
issue to be answered: who owns the right 
to what in space? 

Even the space agency’s erstwhile critics 
at the congressional Office of Technology 
Assessment (OTA) are urging the moon 
planners on. An OTA study released in 
November criticized NASA’s specific 
space-station proposal as trying to do too 
much too soon, reflecting the view of sev¬ 
eral other critics {see “The Manned Space 
Station: NASA’s Last Hurrah?”page 12). 
The OTA warned against making a major 
commitment to orbiting hardware before 
clearly formulating long-range goals to 
guide the investment. Among these sug¬ 
gested aims were broad exploration of the 
solar system and lunar settlement. 

The U.S. space community needs little 
prodding to think big. The practicality— 
and even inevitability—of some kind of 
lunar occupation was taken for granted at 
a NASA-sponsored symposium on Lunar 
Bases and Space Activities in the 21 st Cen¬ 
tury, held in October. “We now know we 
can get there,” NASA Administrator 
James M. Beggs observed. “TTie question 
is, what should we be doing?’’ 

A Lunar Base Working Group has al¬ 
ready given NASA a preliminary answer. 
The group concluded that “among the 
possible alternative goals that can follow 
the space station, a permanent base on the 
moon offers the most robust combination 
of factors that will foster steady long-term 
growth for our nation’s space future.” 



ROBERT C. COWEN IS 
SCIENCE EDITOR OF 
THE CHRISTIAN SCIENCE 
MONITOR AND FORMER 
PRESIDENT OF THE NA¬ 
TIONAL ASSOCIATION 
OF SCIENCE WRITERS. 



International 
law may throw a wrench 
into plans to build a 
moon bcLse. 


Those benefits, the study notes, include 
the possibility of mining oxygen, which is 
abundant in the rocks on the lunar surface, 
and using moon materials for constructing 
facilities in space. Supplying rocket fuel 
made with lunar oxygen to Earth-orbiting 
spacecraft might be cheaper than lifting 
the fuel from Earth against our planet’s 
much stronger gravity, for example. Ma¬ 
terial from the moon or asteroids might 
also provide a relatively cheap and easy 
way of hardening military spacecraft, 
making a Star Wars missile-defense system 
more feasible, according to Arthur Kan- 
trowitz of Dartmouth College. 

The working group noted the impor¬ 
tance of the moon as a base for large-scale 
astronomical observations and other re¬ 
search programs. Finally, the group cited 
an important intangible factor in the 
“grand aspirations that will establish the 
first human society on another planet”— 
they will mark a “cultural watershed of 
sufficient magnitude to inspire broad pub¬ 


lic support and international respect.” 

This hype contains the echo of an im¬ 
portant immediate problem. Moon bases 
and mining may be twenty-first-century 
projects, but the international laws that 
will govern them are being worked out 
now. NASA plans are cast in terms of the 
U.S. national interest, with only an occa¬ 
sional tip of the hat to international co¬ 
operation. But NASA, U.S. companies, 
and private citizens are bound by the in¬ 
ternational treaties that the United States 
signs and ratifies. And although U.S. space 
enthusiasts may talk grandly of establish¬ 
ing “the first human society on another 
planet,” the rest of the world seems de¬ 
termined to put its own stamp on it. 

Sovereignty in Space 

The fundamental differences in viewpoint 
that have made the Law of the Sea Treaty 
controversial have already opened a po¬ 
tentially damaging rift among nations over 
space development. This conflict stems 
from the difference—a major one—be¬ 
tween considering the solar system beyond 
Earth as the “province of all humankind” 
and seeing it as the “common heritage of 
humankind.” 

The former is the old concept of free¬ 
dom of the seas extended to the solar sys¬ 
tem. No nation can claim sovereignty, yet 
all have equal rights and equal access. 
Thus, only those nations that invest in 
space reap the rewards from their invest¬ 
ment. This concept is embodied in the 
Treaty of Principles Governing the Activ¬ 
ities of States in the Exploration and Use 
of Outer Space, Including the Moon and 
Other Celestial Bodies. Ratified by 85 
countries, one of which is the United 
States, this “outer space treaty” currently 
provides the basic space-law framework. 
Subsidiary treaties governing astronaut 
rescue, liability, and regulation of satellites 
and other human-made space objects ref¬ 
lect its provisions. 

“Common heritage”—a concept that 
Steven Gorove, a legal scholar at the Uni¬ 
versity of Mississippi, told the symposium 
is “not well defined”—proclaims that all 
nations could claim a share of the profits 
of space development, regardless of who 
contributes to the investment. This equal- 
ownership principle is embodied in the 
Law of the Sea Treaty and in the Agree¬ 
ment Governing the Activities of States on 
the Moon and Other Celestial Bodies. 
Continued on page 77 
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Figure 1: The logic module 
used in large IBM coni[xiters 
(culau'ay below) is (mrl of 
the industry's densest circuit 
packaging. The electronic 
chips mounted in each 
nmlule (right) were made 
through IBXfs Engineering 
Design System atul 
the masterslice concept: 
cu.st(Hnize where necessary, 
standardize where /Hmible. 




As computer applications continue to 
expand, designei-s of large computers are faced 
with many challenges. One of the biggest of these 
is designing semiconductor chips: not only do 
engineei’s have to design chips to contain the 
desired function, but they must also integrate the 
chips into the rest of the system and accomplish 
this quickly and inexpensively. 

For nearly two decades. IB\I designers 
have been leaders in this field, pioneering the 
technologies of chip customization, automated 
design, and automated manufacturing. In the 
mid-l%Os, IBM researchers began developing a 
chip customization technology —known as gate 
array or masterelice—as well as a totally 
integrated set of design automation tools called 
the Engineering Design System. 

The first masterslice chip came off IBM 
production lines in 1%7 and was part of the 
System/3 announced in 1%9. Growing 
increasingly important as an element in IBM 
computers, masterslice became the basis for the 
logic in the System/138 in 1978. This marked the 
first major impact of masterslice technology on 
computer architecture, making mastei'slice a 
driving force in semicustom, large-scale 
integration of chips in the computer industry. 

In masterslice, a predefined pattern of 
circuit elements is fabricated in an area of a 
silicon chip called a cell. The pattern is then 
repeated so that almost the entire chip is covered 
with identical cells. In this manner, many chips 


Figure 2: This simplified side 
view of a logic chip shows three 
layers of metallization (along 
with three layers of insulating 
.silictHi dioxide) that are put on 
top of the masterslice to piyHluce 
a semicustom chip. The 
metallization process enatdes 
dei^gners to customize chips for a 
.specific job. .4nd a standard 
“base"—the masterslice—allows 
quicker turnaround times and 
lower manufacturing co.sts. 





































Masterslice and 
the Engineering 
Design System 


may be produced with identical arrays of 
identical cells. 

Customization takes place in “metalliza¬ 
tion”—the adding of alternate layers of insulators 
and metal wiring interconnections over the 
masterslice pattern of the circuit elements. This 
gives chip designers the freedom to make 
hundreds of variations in their design and still 
maintain the economic standardization of parts. 

Masterslice technology has grown into 
an important process for implementing logic in 
IBM products. It is the basis of the 1,200 logic 
chips that make up the 500 different logic 
configurations of the central processing unit of 
IBM's largest computei's, the 508X family. 

IBM's Engineering Design System (now a 
full family of integrated design tools} has a data 
base that contains a complete description of each 
chip and its relation to the rest of the system, 
from the physical properties of individual devices 
to the requirements of the entire logic system of 
the computer. Thus, this design system enables 



Figure 3: IBXTs Engineering Design System, machine 

designers use terminals to input logic functions for a chip and 
establish a data base. Through simulation, the system 
provides logic verification atul performs logic delay checking. 
Test patterns are then automatically generated for each part. 
In the meantime, physical design of the chip is done with 
computer programs that perform the following tasks: circuit 
placement, I/O as.signment, wiring, and checking. All phy.sical 
design information is then transformed into shapes, ^terns, 
and fwecise locations of interconnections and circuit elements 
required for manufacturing. 



Figure 4: Shown here is a 
disf)lay screen from the 
Interactive Graphic 
System (IGS), one of the 
many Engineering Design 
System tools developed by 
iliM to .s/yeed chip 
development and 
implementation. IGS is a 
powerful .sha[)e 
mani[]ulalion tool used to 
design new masterslices. 


the needs of a large system to be reflected in the 
design of its smallest components. 

The thousands of individual software 
modules of the Engineering Design System can 
be used to take a chip from initial design, 
through simulation and testing, to manufacture. 
Linking such a wide range of functions through 
common interfaces to form a total system is a 
feat unmatched in the industry. A designer using 
this system can take a chip from the start of the 
physical design stage to the manufacturing line 
in about six days. 

Many engineers, scientists, and pro¬ 
grammers throughout IBM contributed to the 
development of masterslice and the Engineering 
Design System. Their contributions are only 
part of IBMs continuing commitment to research, 
development, and engineering. 






























MARSHALL GOLDMAN 

Bringing Manufacturing Jobs 
Back Home 



F inding a gift that says “Made in 
U.S.A.” is a difficult task these days. 
More and more goods sold in the 
United States are produced overseas, and 
while that may be a boon for American 
consumers in search of bargains, it has 
caused havoc among American industries 
and workers. American-made products 
are not only being driven out of U.S. mar¬ 
kets; they are losing ground in foreign 
markets as well. 

As Lester Thurow explained in this 
space last month, much of the difficulty 
stems from the high price of the American 
dollar compared with other currencies. 
But the overvalued dollar is not the only 
cause of our foreign trade problems. 
Plainly, foreign competitors are benefiting 
from more than just simple economics. 
After all, the United States had a balance- 
of-trade problem back in the 1970s even 
though the dollar was considerably 
weaker then. In many instances, foreign 
manufacturers have improved the quality 
of their goods and shown great imagina¬ 
tion in style and design. Professional tel¬ 
evision cameras and home stereo 
equipment are two areas where this has 
occurred. 

Under the circumstances, what can be¬ 
leaguered American manufaaurers do? 
The first task is to work for a weakening 
of the dollar. However, the value of the 
dollar is unlikely to decline as long as the 
U.S. government tolerates such a large 
budget deficit. A deficit of SI75 billion to 
S200 billion requires heavy borrowing by 
the U.S. Treasury, which in turn keeps up 
interest rates. As long as interest rates are 
high, foreigners will continue to buy dol¬ 
lars to invest in American securities. The 
demand for those dollars will push up 
their value until investors decide to invest 
in more profitable opportunities else¬ 
where. 

Even when the dollar falls—and some 
day it will, perhaps even by the time this 
article appears—many U.S. manufacturers 
will need to do something more to make 
their products competitive. The manufac¬ 
turers of computers and electronic equip- 
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ment have already acted by developing 
products technologically superior to those 
made abroad. As a result, they find ready 
markets in foreign countries despite the 
strong dollar and high labor costs. 

Money Plus Imagination 

But that is not a solution for the majority 
of American manufacturers that produces 
more traditional goods. These makers 
must use increasingly sophisticated com¬ 
puter technology to automate their pro¬ 
duction processes in innovative ways. 
Simply automating assembly lines is not 
the answer; considerable thought must be 
given to how automation can be used to 
support human endeavor rather than di¬ 
minish or replace it. Furthermore, auto¬ 
mation must be applied more creatively to 
industries that depend heavily on hand la¬ 
bor and have already lost many produc¬ 
tion jobs to the developing world. The 
problem is that some production processes 
do not lend themselves easily to automa¬ 
tion. Some tasks are too complicated to 
automate while others are expensive. 

Yet American companies may well have 
an advantage in attempting to automate 


some of these difficult processes. That ad¬ 
vantage is ready access to capital and ex¬ 
perience in using sophisticated computers 
and robots. Capital is more readily avail¬ 
able in the United States than elsewhere 
because investors worldwide feel secure 
about putting their money into American 
ventures, and because this country im¬ 
poses fewer restrictions on the flow of 
money across its borders. Japan, for in¬ 
stance, is only beginning to loosen up on 
some rather strict limits on foreign in¬ 
vestment in Japanese enterprises. 

Here are two examples of what can be 
done with automation given imagination 
and capital. One is in apparel manufac¬ 
ture, which has moved an ever-larger share 
of production to the developing world be¬ 
cause of the low cost of labor. The other 
is in the manufacture of car radios, in 
which the United States once had a 
significant lead that has now been eroded 
by the cheap-labor countries of Asia and 
the Southern Hemisphere. As different as 
these industries are, their efforts to bring 
production back to the United States have 
much in common. 

The problem for American manufac¬ 
turers of apparel is that so much of the 


10 FtBRUARY/MARCH 1085 


ILLUSTRATION: ROB COLVIN 








cost results from hand labor. TTiat’s be¬ 
cause no one has figured out how to au¬ 
tomate the sewing and assembly process, 
which requires 100 to 150 separate op¬ 
erations in the case of a man’s suit. Au¬ 
tomating even a single process is difficult 
because almost all steps involve the ma¬ 
nipulation of limp fabric, a task that is 
much more difficult than handling a piece 
of wood or metal. The apparel industry is 
also notorious for its reluctance to invest 
money in research. Companies have cho¬ 
sen instead to lower costs by seeking cheap 
labor to operate simple sewing machines. 

The only hope for the garment industry 
is to resist this short-run temptation and 
invest in ways to change the production 
process. With this in mind, two Harvard 
Business School professors, John Dunlap 
(former secretary of labor) and Frederick 
Abernathy set up a consortium represent¬ 
ing the Amalgamated Clothing and Textile 
Workers union, several textile companies, 
and apparel concerns. This group ap¬ 
proached the National Science Founda¬ 
tion in 1979 to obtain funding for an 
automation study. With a subsequent 
grant from the Department of Commerce, 
they then went to the Charles Stark Draper 
Laboratory in Cambridge, Mass. Al¬ 
though Draper Lab primarily designs 
guidance systems for weapons and space 
vehicles, its people know how to manip¬ 
ulate computers and microprocessors in a 
way that is matched by few other research 
facilities in the world. 

The consortium’s bold strategy has ap¬ 
parently paid off. In 1983 Draper Lab suc¬ 
cessfully field-tested a prototype of an 
automated sewing system that can pro¬ 
duce men’s sleeves and suit backs. The 
project has been expensive: Congress has 
already appropriated 3.5 million dollars 
to see it through the developmental stage. 
Even with this support, a single sleeve¬ 
making machine will cost as much as 
$100,000. However, the system should be 
available for commercial use in 1986, en¬ 
abling U.S. manufacturing firms that can 
acquire this system to compete again with 
anyone, regardless of the cost of American 
labor. 

Flexible Automation 

The car radio industry faced similar con¬ 
cerns. While 90 percent of the radios in¬ 
stalled in American automobiles used to 
be U.S.-made, that figure dropped to 80 
percent by the late 1970s and has contin¬ 


ued to fall. Some of this decline is due to 
poor service, but most stems from the fact 
that cheaper models are available from 
abroad. 

Delco, a subsidiary of General Motors, 
adopted a two-pronged strategy in an ef¬ 
fort to retain its share of the market. First, 
it too began production in the low-cost 
labor markets of Singapore and Mexico. 
Second, the company decided to automate 
its main plant in Kokomo, Indiana. This 
effort required a more flexible working re¬ 
lationship with the union. Realizing that 
future jobs were on the line, the union 
agreed to permit the installation of up to 
150 robots to perform assembly functions 
that no one had been able to automate 
before. Only a sophisticated mix of com¬ 
puters and robots has made this possible. 
When this new production line finally 
opens in a year or so, it should once again 
make Delco’s Indiana operation compet¬ 
itive with overseas production and, Delco 
hopes, prevent the loss of even more jobs. 

Not many small firms can afford this 
kind of investment. But the apparent suc¬ 
cess of the apparel industry’s consortium 
suggests that joint research ventures may 
be a way for small companies to reap the 
benefits of innovation. Unfortunately, au¬ 
tomating production does mean the loss 
of some jobs. If the U.S. apparel industry 
converts to the automated system devel¬ 
oped by Draper Lab, about 20 percent of 
its workers will lose their jobs, according 
to Murray Finley, the president of the 
Amalgamated Clothing and Textile Work¬ 
ers union. But the garment unions have 
come to realize that as painful as that may 
be, automation will prevent the loss of 
even more jobs. The locals of the United 
Auto Workers who are involved in radio 
assembly have gradually come to the same 
realization. 

Of course, manufacturers in other coun¬ 
tries may eventually try to copy U.S. au¬ 
tomation technology if it is successful. And 
those who follow the leader often are able 
to learn from the forerunner’s mistakes 
and accomplish the same task more 
cheaply and even more efficiently. But that 
does not mean we should avoid the ef¬ 
fort—only that once we master a new pro¬ 
cess we should not rest on our success, as 
we all too often do. Given its comparative 
advantage in obtaining access to capital 
and “cutting-edge” technology, U.S. in¬ 
dustry is certainly capable of being com¬ 
petitive, but it will take effort, 
imagination, and persistence. □ 
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BY WILLIAM LASSER 

The Manned Space Station: 
NASA’s Last Hurrah? 



W ITH a big push from President 
Reagan, the National Aeronau¬ 
tical and Space Administration 
(NASA) succeeded last year in persuading 
Congress to authorize funds for establish¬ 
ing a permanent manned space station. 
Approval of the project was a big victory 
for NASA over critics who argued that the 
money would be better spent on un¬ 
manned scientific endeavors or military 
projects. Ironically, though, NASA’s vic¬ 
tory in the space-station struggle and the 
way it was achieved point to a cloudy fu¬ 
ture for the nation’s civilian space agency. 

President Ronald Reagan acknowl¬ 
edged NASA’s lobbying efforts when he 
included a call for the space station in his 
1984 State of the Union address. From 
NASA’s point of view, the president’s pro¬ 
posal was a major success: S150 million 
in startup money was included in the al¬ 
most S300 billion defense budget, ap- 
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proved by Congress in late June. The 
president, however, was convinced as 
much by the political benefits of making 
such a proposal as by the scientific and 
commercial advantages of operating a 
space station. And as a political gesture 
the president’s call for a space station was 
a complete failure—a failure that may sig¬ 
nal serious trouble ahead for NASA. 

Reagan’s call for establishing a station 
“within the decade” was certainly 
modeled, consciously or unconsciously, 
on President Kennedy’s 1961 speech in 
which he pledged to land an astronaut on 
the moon. This challenge energized a na¬ 
tion that seemed temporarily to have lost 
its self-confidence and sense of purpose. 
Kennedy’s call came at a time when his 
young administration faced a serious crisis 
of confidence. The nation was still reeling 
from the Bay of Pigs disaster, the Cold 
War was raging, and communism seemed 
to be winning on several fronts. 

It was in this atmosphere that JFK spoke 
to the nation. He seized upon the space 
issue to unite the country and create a 
sense of purpose. The moon landing was 
to be more than just a technical or 
scientific achievement; it was part of the 


“battle that is going on around the world 
between freedom and tyranny,” part of 
“the battle for men’s minds.” America had 
to be first in space to show the world that 
democracy and capitalism were superior 
to tyranny and communism. Kennedy 
pledged that when the first U.S. astronaut 
landed on the moon, “it will not be one 
man going to the moon—it will be an en¬ 
tire nation.” 

Just Another Budget Item 

The Mercury, Gemini, and Apollo mis¬ 
sions kept Americans riveted to their tel¬ 
evision sets throughout the 1960s, 
providing the one source of untarnished 
good news in that troubled decade. Most 
Americans seemed to respond to the prop¬ 
osition that they could accomplish great 
feats in peace as well as in war. 

Unlike Kennedy’s challenge, Reagan’s 
proposal was designed to have more than 
just symbolic importance. “A space sta¬ 
tion will permit quantum leaps in our re¬ 
search in science, communications, and in 
metals and lifesaving medicines,” Reagan 
declared. “Just as the oceans opened up a 
new world for clipper ships and Yankee 
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If the public 

continues to show imlijference toward space, 
future presidents may be reluctant to keep 
NASA alive. 


traders, space holds enormous potential 
for commerce.” 

Still, the practical advantages of the 
space station are only one part of the pack¬ 
age. Reagan called on the nation “to build 
on America’s pioneer spirit” and develop 
“the next frontier.” In words that could 
have been JFK’s, Reagan defined the 
broader purpose of the mission: “No¬ 
where do we so effectively demonstrate 
our technological leadership and our abil¬ 
ity to make life better on Earth. Our prog¬ 
ress in space—taking giant leaps for all 
mankind—is a tribute to American team¬ 
work and excellence. Our finest minds of 
government, industry, and academia have 
all pulled together, and we can be proud 
to say: we are first, we are the best, and 
we are so because we are free.” 

But in contrast to JFK’s clarion call. 
President Reagan’s proposal has been all 
but forgotten in the year since his State of 
the Union message. The discussion of the 
space station turned into a dry debate 
within the government and the scientific 
community over whether a permanent sta¬ 
tion represented the best use of the limited 
resources the United States has to expend 
on space science and technology. 

The space station was strongly sup¬ 
ported by the NASA but was just as 
strongly opposed by other government 
agencies. The Central Intelligence Agency 
and the Department of Defense feared it 
would draw money away from their own 
programs. Frank Press, president of the 
National Academy of Sciences, com¬ 
mented that basic research in science 
would not “require or be enhanced by the 
space station.” In fact, many scientists 
feared that the station would hurt basic 
research by soaking up government mon¬ 
ey. “An $8 billion project,” said one, “can 
wipe out lots of Si00 million projects.” 

Why was Kennedy’s proposal an inspi¬ 
ration and Reagan’s only another budg¬ 
etary proposal to be hashed over by a few 
lobbyists and members of Congress? For 
one thing, Americans have been spoiled 
by success. The space shuttle routinely or¬ 
bits the Earth and comes back like an or¬ 
dinary airplane. The idea of a manned 
space station—which 20 years ago was the 
stuff of science fiction—is now viewed 
simply as a realistic but not particularly 
exciting policy option. 

The daring exploits of the astronauts 
and scientists aboard the shuttle do seem 
to have sparked the public’s interest in 
space again. NASA has accomplished this 


public-relations feat only by playing up a 
number of “firsts”—the first woman in 
space, the first woman to walk in space, 
the first satellite rescue. But it will not be 
long before these accomplishments fade 
into a dull routine. 

More important, perhaps, America’s at¬ 
titude toward science has itself changed 
fundamentally. In the early 1960s science 
was equated with progress; technological 
advance was seen as an end in itself. “A 
nation’s prestige,” said then Vice-Presi¬ 
dent Lyndon B. Johnson, “is measured by 
... its achievements, or lack thereof, in 
space.” Americans in 1984 see the world 
differently. We are more conscious of the 
fact that science and technology can cause 
problems as well as solve them. Most 
Americans in 1961 were blissfully naive 
about the possibility of nuclear war. They 
had yet to confront the environmental 
problems that accompany economic and 
industrial progress. And they were only 
beginning to face the ethical and social 
problems caused by advances in biology 
and medicine. 

For NASA, all this is bad news. The 
agency has always depended on the ex¬ 
citement of space travel—and on politi¬ 
cians’ exploitation of that excitment—to 
obtain funding for its expensive programs. 
Both the moon-landing project and the 
space shuttle depended on public support 
for continued funding, and NASA de¬ 
pended on both projects to justify its own 
existence as the government agency in 
charge of space exploration and devel¬ 
opment. If the public continues to show 
the kind of indifference accorded Reagan’s 
proposal, future presidents may be reluc¬ 
tant to commit the resources necessary to 
keep NASA alive. 

Big Bucks in Space 

Meanwhile, NASA faces a more immedi¬ 
ate challenge: the growing interest of the 
private sector in space commerce. Private 
launch services are already competing 
with the shuttle for transporting research 
and manufacturing projects into space. 
NASA has so far managed to keep its shut¬ 
tle prices down by subsidizing each launch 
to the tune of $71 million. But if the 
agency is forced to discontinue that sub¬ 
sidy and shuttle prices rise to reflect the 
true costs involved, high-tech companies 
interested in space manufacturing may 
turn to private services. 

McDonnell Douglas and Johnson & 


Johnson have projected that their space- 
based pharmaceuticals processes will be 
producing sales of SI billion per year by 
the mid-1990s. And Rockwell Interna¬ 
tional recently estimated that the sales of 
space-produced semiconductors and high- 
purity glasses would reach $10 billion an¬ 
nually in the 1990s. Such manufacturing 
activities would probably involve the shut¬ 
tle, which by then may be operated by a 
private company; the space station; and 
space platforms leased by private firms. 

Given such commercial potential, the 
aerospace industry may well prefer private 
rather than public financing for the space 
station. If private-sector enthusiasm re¬ 
mains high, NASA may soon have to jus¬ 
tify its role in the construction of the space 
station. Why not just let private investors 
build the pieces of the infrastructure as 
needed—and as they become profitable? 
NASA officials argue that a permanently 
manned space station is far too expensive 
and risky a project for private investors. 
They point to the U.S. government’s his¬ 
tory of taking the lead with “cutting-edge” 
projects. Such issues will no doubt be 
raised this year when NASA’s fiscal-1987 
budget request for the space station ap¬ 
proaches $1 billion. 

Even if NASA obtains the requested 
funding and remains the project’s primary 
developer, what will happen when con¬ 
struction is finished around 1992? At that 
point, the station will probably be leased 
to private companies and other federal 
agencies, with NASA retaining control. 
However, such arrangements may not last 
long: there’s a good chance that several 
space stations will be built and managed 
by different agencies and private firms. 

NASA may then have to convince a fu¬ 
ture president to lead the way on some 
other glorious project in space— perhaps 
a permanent base on the moon (see 
“Shackling Lunar Developers,” page 6). 
Of course, by then public interest in space 
may reignite; for example, the discovery 
of extraterrestrial intelligence would cer¬ 
tainly prompt a dramatic swing in public 
opinion. But if the interest of the majority 
of Americans continues to decline—as it 
has since the days of Apollo—then a future 
president may be reluctant to expend mas¬ 
sive funds on space exploration. And if 
that happens, NASA may see its functions 
divided up among other government agen¬ 
cies and the private sector. For the first 
time, the agency may face a struggle for 
its very existence. □ 
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SAMUEL C. FLORMAN 


Down to the Sea in Print 


L ike most engineers, I receive many 
unsolicited bulletins and announce¬ 
ments in the mail. These folders, 
cards, and booklets come in a variety of 
shapes and sizes. Scarcely a week goes by 
in which 1 do not learn of a meeting, sem¬ 
inar, course, or symposium that I might 
profitably attend. I am often tempted by 
these opportunities to expand my intellec¬ 
tual and social horizons, but practical con¬ 
siderations usually keep me at home. 

Nevertheless, 1 have always read this lit¬ 
erature with an intensity that I find diff¬ 
icult to explain. 1 suppose that in browsing 
through schedules and scanning the titles 
of lectures I expect to learn something by 
osmosis. Also, it is comforting to know a 
bit about what is “happening” in the 
profession, even if the details remain ob¬ 
scure. Whatever the reason, these mailings 
afford me plenty of interesting reading. 

Recently, however, I have found this 
pastime less enjoyable than before. The 
change is related to the nature of the events 
being planned: the ubiquitous computer 
has taken over. Almost every gathering of 
technically trained people appears to be 
devoted to modeling, simulation, imaging, 
or optimization. Even in my own field of 
civil engineering the emphasis is on the 
application of computers to drafting, es¬ 
timating, and design. 

I do not want to stand in the way of 
progress, but I am uneasy about the grow¬ 
ing perception that all our problems will 
yield to the application of electrons and 
microchips. An information explosion is 
not a real explosion; it does not blast rock 
for making tunnels or building founda¬ 
tions. TTie most brilliantly conceived com¬ 
puter will not raise crops, dispose of toxic 
waste, or repave highways. 

Occasionally, to be sure, I receive notice 
of a meeting devoted to large-scale engi¬ 
neering, but these have become relatively 
infrequent and even these seem to be less 
buoyant and full of promise than they used 
to be. Instead of new projects and tech¬ 
niques, they deal increasingly with struc¬ 
tural failure, the problems of government 
regulation, and the rising cost of mal¬ 
practice insurance. A recent seminar on 
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the infrastructure crisis featured as many 
papers by politicians as by engineers. The 
problems with the infrastructure, of 
course, lie less in technologies—which are 
mostly ready at hand—than in politics, 
where shortsightedness holds sway. The 
conference was an invitation to frustration 
and despair. 

And so it has been for several months 
now. Between the breezy promises of the 
electronic wizards and the often depress¬ 
ing problems inherent in macroengineer¬ 
ing, my pleasure in reading about meetings 
has been greatly diminished. 

There are a few exceptions. A program 
on automated people movers piqued my 
interest, as did others in biomedical en¬ 
gineering, quality in instruction, and non¬ 
destructive testing materials. 

But one of the exceptions has made all 
the difference. On a cold winter’s day 
there arrived, unbidden, notice of an Off¬ 
shore Technology Conference scheduled 
to take place in the Houston Astrodomain. 
I have no more experience with offshore 
technology than with electronics, but 
nevertheless the brochure gave me a lift. 


For one thing, the cover, instead of show¬ 
ing the pattern of an integrated circuit— 
a symbol of which I have grown exceed¬ 
ingly weary—featured a painting of the 
open sea, whitecaps breaking against an 
oil-drilling platform in the middle dis¬ 
tance. Visions of the sea are enough to 
start anyone’s pulse racing. 

1 do not usually think of oceans in terms 
of engineering, but obviously this reflects 
my own limited horizons. As 1 learned 
from this slim booklet, the Offshore Tech¬ 
nology Conference has been held annually 
since 1969 and is currently sponsored by 
11 professional societies representing 
more than 600,000 engineers. 

Tile variety of subjects to be discussed 
at the conference was dazzling. One ses¬ 
sion was devoted to the dynamics of off¬ 
shore structures, others were devoted to 
foundations, platform construction, 
mooring, and anchoring. Lectures were 
planned on seabed mapping and soil test¬ 
ing, seismic and sonar surveys, wire rope, 
anchors, chains, and hawsers, as well as 
erosion, abrasion, metal fatigue, and cor¬ 
rosion, not to mention deep-water drilling, 
welding, and tools for divers. The disci¬ 
plines covered included marine geology, 
arctic operations, the analysis of wave 
forces, and the study of ice. 

Most of the announced participants 
were affiliated with the oil industry, as ex¬ 
pected. But one session was allotted to 
“Marine Minerals Mining” and the lec¬ 
turers came from institutions 1 didn’t even 
know existed: Minerals Management Ser¬ 
vice, Lockheed Advanced Marine Systems 
Division, and the University of Petroleum 
and Minerals in Dhahran, Saudi Arabia. 

I pored over this captivating program 
for a long time, as it told me much about 
engineering activities to which 1 had pre¬ 
viously given very little thought. Of 
course, many such catalogs promise won¬ 
ders that turn out to be disappointing. Has 
the time for ocean engineering truly ar¬ 
rived, I wondered, or is the field—aside 
from offshore drilling for oil—still in the 
stage of dreams and hype.^ 

I do not know. But I do know that if 1 
were starting my engineering career today, 
1 would be greatly tempted to look to the 
oceans. They are truly our next frontier. 
Their allure and the challenges they pose 
are unparalleled. At least this is the way 1 
feel after looking through the program 
with the seascape on the cover. Who 
knows what the mail will bring tomor¬ 
row? □ 
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KODAK ANNOUNCES THE LARGEST 
FAMILY GET-TOGETHER IN HISTORY. 

\ AMERICA’S FAMILY ALBUM. 


It’s where Kodak will bring together millions of family 
photos firom across the country. All to become part of a historic 
exhibit at the Statue of Liberty National Monument. An elec¬ 
tronic photo exhibit that will l^gin in July of1986. And will re¬ 
main for years to come. 

How you can be a part of it. 

Simply send Kodak a picture of your family; a treasured 
old favorite or a photo you’ve just taken. You’ll receive a certifi¬ 
cate to display, ^id an I.D. card to help locate your picture at 
the exhibit. 

How you’ll help save a great lady, too. 

Vfe’ve pledged our support for the restoration of the 
Statue of Liberty and Ellis. Island. Your check and photo will 
help us fulfill that pledge. 

So send us your picture and be a part of this historic get- 
together. For the future generations of your family. For the 
American family. For one of the greatest ladies in our history. 


Keep America’s Image, 


For additional coupons, see your photo retailer. 


I WISH TO PARTICIPATE IN AMERICA’S FAMILY ALBUM 


I enclose a check/money order for JH), along with my family photograph. I understand this photograph will not be returned to me 
and will be part of a public exhibit. (Please Print) 

Name- Principal Family Name in Photo: 


Address 


Country of Origin: 


Year of first entry into U S. (if known) 
Year & Location of Photo Year_ 


Tblephone ( ) 


Bhlhdate 


Mail your check or money order payable to: 

America's Family Album 
Box #2519S 

RcKbester. New York 14692 Country- 

Your participation will help Kixlak meet it.s pledge to restore the .Statue of Liberty. 

NOTE Vbu may submit as many photos as you wish J^yt 1. Photos (prints 
only) must be no larger than 8" x 12" 2. Each photo must be accompanied 
by a separate entry coupon It several photos are submitted be sure each 
IS identified Simply tape coupon to back of each photo Do not sta ple 3. 

Include SIO check or Money Order for photo It several are submitted, 
write one check tor total amount 4 Kodak rvot responsible for lost torn or 
mutilated photos Protect photos between cardboard inside mailing enve 


tope We suggest you send duplicate prints only, which can be supplied by 
your photo retailer S. Kodak reserves right not to accept photos deemed 
obscene or olherwiseunsuitabie In such case, your money will be refunded 
only (. Payment must be submitted with photo to be included in Album 7. 
Itoull receive your membership cerliticate and an ID card to help locate 
your photo Allow 8 weeks for delivery I. Non members will also be wel 
come at the exhibit 9. Otter expires December 31.1986 
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Satellite images have led to the discovery of a large Mayan city hidden for centuries by the jungles of 
Mexico’s Yucatan peninsula. Scientists uncovered over 100 possible ancient sites by studying false- 
color images provided by Landsat earth resources satellites. Jungles typically are made to appear 
bright red in these pictures. The ruins appeared pink or light red, because foliage had not grown as 
densely over the sites as it had in the neighboring Jungle. The Landsat images also revealed the 
existence of vast farmed fields that may prompt new theories of how the ancient civilization was able 
to feed itself. The imaging instruments aboard the Landsat satellites, called multispectral scanners, 
were built by the Santa Barbara Research Center, a Hughes Aircraft Company subsidiary. 

Mexico is a step closer to its own domestic communications system after taking delivery of a satellite 
control facility. The system will consist of two Hughes HS 376 satellites and the control facility, which 
will monitor the spacecraft as they are maneuvered into geosynchronous orbit 22,300 miles above the 
equator. The facility is being installed in Iztapalapa, a suburb of Mexico City. Upon completion, a 
Hughes support team will remain for 18 months to train Mexican engineers and technicians. The 
program, called Morelos, is named after a Mexican patriot of the early 19th century. The satellites are 
scheduled for launch from the space shuttle in May and November. 

A high-frequency tactical Manpack radio used by all branches of the US. military is proving its 
reliability in the field, operating on average more than 4,000 hours between failures. The AN/PRC-104 
high-frequency radio makes extensive use of large-scale integrated circuits, conservatively rated 
components, and proven military equipment packaging techniques. Should it need repairing or 
maintenance in the field, an operator can replace any of the three basic subsystems in seconds. The 
average repair time in the field is less than 20 minutes. In production at Hughes for the US. Army, 
Marines, and Air Force, the radio is available for international needs. 

Improvements to a “super cooler” used with infrared sensors in space will extend the life and boost the 
efficiency of the device. The cooler, vital to defense applications and geological surveys, is a 
Vuilleumier cycle cryogenic refrigerator. It is designed to chill sensors near absolute zero to increase 
their sensitivity to thermal radiation. These coolers are ideal for use in space because the low internal 
forces required by this kind of cooling cycle cause little wear on bearings and seals. Hughes is working 
under a US. Air Force contract to extend the unattended operating life of the cooler beyond five years. 
The cooler will use less power, so smaller and fewer batteries are needed to power the device during 
eclipse periods—a saving of hundreds of pounds. 

The Hughes Tucson facility, located in picturesque Southern Arizona , is a large, modern 
manufacturing complex with capabilities for producing advanced missile systems developed by 
Hughes. We have openings for experienced and graduating engineers to work on such advanced 
systems as the electro-optical Maverick, radar-guided Phoenix, TOW, and AMRAAM, the Advanced 
Medium-Range Air-to-Air Missile. Please send your resume to Professional Employment, Dept. S2, 
Hughes Aircraft Company, P.O. Box 11337, Tucson, AZ 85734. Equal opportunity employer. US. 
citizenship required. 

For more informatKKi write to: PO. Box 11205. Dept. 65-10. Martna del Rey. CA 90295 


HUGHES 
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Innovation, Workers’ Health, and 
Urban Architecture 


Stoking the Fires of 
Innovation 

Fire in the Valley: 

The Making of the Personal Computer 
by Paul Freiberger and Michael Swaine 
Osborne/McGraw-Hill, S9.95 

Reviewed by Mel Horwitch 


The intensely competitive global environ¬ 
ment has led to the recognition that tech¬ 
nology should be a major element of 
corporate, as well as national economic, 
strategy. But our understanding of the 
complex chain of activities that leads to 
significant new technology is still woefully 
inadequate. Developing modern technol¬ 
ogy seems to depend on an array of key 
factors that cannot be easily identified, ex¬ 
plicitly generated, or systematically man¬ 
aged. However, analyzing the history of 
technological success, in all its diversity 
and subtlety, can yield important strategic 
lessons. 

Fire in the Valley, a fast-paced, thor¬ 
ough study of the early personal-computer 
industry, allows us to do just that. This 
sector, of course, has today become almost 
synonymous with high technology gen¬ 
erally. Authors Paul Freiberger and Mi¬ 
chael Swaine seem to have interviewed 
practically everyone of consequence, and 
thus are able to convey the atmosphere 
and spirit of the personal computer’s 
fledgling days. 

The authors show that the industry ac¬ 
tually developed in two stages. The first, 
from the mid- to the late-1970s, saw the 
birth of pioneering firms such as MITS, 
Processor Technology, and IMSAI. These 
companies ultimately failed or were soon 
eclipsed by other firms. But before this first 
decline occurred, the industry was as ex¬ 
citing and experimental as any in Ameri¬ 
can history. Freiberger and Swaine are 
especially good at describing the idiosyn- 
cracies of the firms’ founders, including Ed 
Roberts of MITS, Bob Marsh of Processor 
Technology, and William Millard of IM¬ 
SAI. Their efforts at innovation revealed 
the classic weaknesses of high-tech entre- 
preneurialism: a lack of financial resources, 
appropriate business skills, the ability to 
keep up with demand, and the skill to 
manage all the elements of the innovation 
process. However, although none of these 
entrepreneurs put it all together strategi¬ 
cally, sometimes because of counterpro¬ 



ductive personality quirks, they often later 
went on to successful careers in other seg¬ 
ments or firms in the industry. And their 
experiences paved the way for the second 
period of personal-computer firms that ap¬ 
peared in the late seventies. 

Apple, of course, is the preeminent suc¬ 
cess story from this period. Its leaders 
combined unique technical prowess (em¬ 
bodied in the person of Stephen Wozniak), 
tremendous drive and ambition (embod¬ 
ied in the person of Steve Jobs), sound 
business decisions regarding customer 
needs and dealer support, and probably a 
hefty amount of luck as well. A few larger, 
more established firms also began to dis¬ 
cern the opportunities in the personal- 
computer industry. Commodore Interna¬ 
tional entered the fray from a position of 
manufacturing strength and vertical inte¬ 
gration, and therefore competed effec¬ 
tively via economies of scale, low cost, and 
high volume. And Radio Shack-Tandy 
skillfully used its tremendous distribution 
network to become a major force in the 
industry. As Freiberger and Swaine show, 
executives within both these large firms 
showed much insight and took many risks 
in their willingness to compete at this 
stage. 

Home-Brewed Technology 

An infrastructure that enhanced the ap¬ 
peal of the hardware proved crucial to the 
industry’s success. Accessible software 
was the first requirement, and the authors 


make the saga of Bill Gates, who founded 
Microsoft, as exciting as that of the hard¬ 
ware entrepreneurs. They further point 
out that credit for much of the Apple II’s 
success must go to VisiCalc, the revolu¬ 
tionary, easy-to-use spreadsheet program 
that at first was available only on an Apple 
disk. Personal-computer magazines also 
played a major role in spurring the indus¬ 
try’s growth, as did computer shows for 
the general public, which unexpectedly at¬ 
tracted huge audiences. And operators of 
the first retail stores, such as Dick Heiser 
of The Computer Store and Paul Terrell 
of The Byte Shop, created legends every 
bit as colorful as those of the hardware 
producers. 

However, the most important element 
in the infrastructure of the early industry 
was the sharing of technical advances 
among hobbyists. Computer clubs, partic¬ 
ularly the Homebrew in the Bay Area of 
northern California, served as the arena 
where the counterculture of the 1960s 
could mingle with the computer enthusi¬ 
asm and high-tech entrepreneurialism of 
the 1970s. Certainly this sharing environ¬ 
ment was as effective in rapidly diffusing 
microcomputer knowledge as any MITI- 
led program in Japan. 

Freiberger and Swaine create a kind of 
paradise lost in describing this era. Some 
visionaries such as Lee Felsenstein, a 
leader of the Homebrew and designer of 
the Osborne portable computer, strived to 
create computers and software for the 
people. Other hobbyists such as Steve Jobs 
emerged from the counterculture to be¬ 
come full-blooded entrepreneurs who un¬ 
abashedly sought fame and fortune. 

The helter-skelter fun and excitement of 
this era was fast disappearing by the early 
1980s as the stakes grew higher. The en¬ 
trance of IBM into the market in 1981 and 
the failure of the Apple 111 marked this 
change. Ironically, now for computers to 
be used by “the people,’’ large corpora¬ 
tions (including, by now, Apple) will have 
to provide them. 

The history of this industry raises the 
question of whether large firms can con¬ 
sistently stimulate high-tech entrepreneur¬ 
ialism. IBM competed by creating an 
Independent Business Unit to develop its 
PC, mimicking the small-firm environ¬ 
ment. Now that this unit has become a 
division, it has encountered problems with 
later products, particularly the PC Jr. 
Whether small firms can maintain their 
identity while tapping the marketing and 
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manufacturing clout of large firms, in to¬ 
day’s era of joint ventures, equity agree¬ 
ments, and corporate venture capital, is 
also uncertain. Much of the vitality of this 
industry was due to the coexistence of 
both small-firm entrepreneurialism and 
large-corporation innovation and R&D, 
as Freiberger and Swaine illustrate. 

This experience shows that a sharing, 
informal environment, creative people, 
and a set of networks can provide the com¬ 
plexity and variety that allow continuous 
technical learning to occur. Under today’s 
heightened competitive pressure, as we at¬ 
tempt to become more efficient, explicitly 
strategic, and professionally managerial in 
all types of technology-based businesses, 
we may be in danger of losing the early 
spontaneity that has led to such astound¬ 
ing success. □ 


MEL HORWITCH, an associate profes¬ 
sor in the Corporate Strategy Group at 
M.I.T.'s Sloan School of Management, is 
author of Clipped Wings (M.I.T. Press, 
1982), a study of the American supersonic 
transport program. 


Protecting Workers’ 
Health 


Workers at Risk 

by Dorothy Nelkin and Michael Brown 
University of Chicago Press, S20 

Reviewed by Chris Anne Raymond 


When I was a child, my father would come 
home from the steel plant covered in or¬ 
ange dust, his shoulders drooping from 
eight hours of exposure to heat and heav¬ 
ing metal. As my mother dutifully set out 
his clean clothes, cracked open the beer, 
and heated and served the leftover roast, 
he would tell her about the day’s events 
in tones as fiery as the plant he had just 
left. Yet 1 only dimly understood that tak¬ 
ing orders and making filthy ore gleam 
was what brought him home so dirty, an¬ 
gry, and thirsty. Occasionally he carried 
news of an accident—a broken leg, a fatal 
fall—and for the next few days my moth¬ 
er’s so-long embrace would be a little more 
intense. 

By the time 1 was in college and my 
father worked in the company’s sintering 



plant, I understood all too well that in 
exchange for better wages, my father’s 
lungs were being attacked by the same or¬ 
ange grit that ate away the paint on the 
Buick he drove to work. The plant’s clos¬ 
ing in 1983 was a tragedy for many, but 
my family considered it a blessing: my fa¬ 
ther escaped one of the dirtiest jobs any¬ 
one could have with his health intact. 

These memories are now filtered 
through years of acting out my parents’ 
dreams of graduate school far removed 
from the grime and grit of blue-collar 
work, years of my father’s protective si¬ 
lence about the dangerous realities of his 
job. He and my mother hoped their chil¬ 
dren would escape his fate. 

Dorothy Nelkin and Michael Brown’s 
Workers at Risk: Voices from the Work¬ 
place stirred those childhood memories. 
By allowing more than 75 workers whose 
jobs expose them to chemicals to talk 
about their experiences, the authors give 
new voice to life on the shop floor. TTiere 
is Ken, the electrician at a chemical plant, 
whose initial devil-may-care attitude 
about safety is replaced by constant worry 
at work and at home about the chemicals 
he handles. Don, the railroad conduaor, 
wonders if his daughter’s cancer was 
caused by the dioxin used to keep the 
tracks clear of undergrowth, some of 
which he carries home on his clothes. 
Kitty, the painter, tries to prove herself to 
male coworkers by brazenly soaking her 
hands in epoxy. Dorothy, a deckhand on 
a ship, realizes that a coworker below deck 


has passed out from paint fumes only 
when his arm stops moving. Sociologists 
Nelkin and Brown also interview workers 
in museums, beauty shops, research labs, 
and computer-assembly plants—places 
where few people would guess employees 
are exposed to toxic chemicals. 

Tlie authors organize these tales ac¬ 
cording to fears and anxieties, illnesses 
and complaints, attributions of blame, 
coping strategies, and courses of action. 
The workers’ comments poignantly ex¬ 
press their situation; “1 guess everybody 
will get it sooner or later. If you’re gonna 
get it, you’re gonna get it,” and “You 
never balance the wage against the risk; 
you balance the wage against the alter¬ 
native. And the alternative is starving.” 
One key insight that emerges from these 
comments is that there is no direct link 
between actual hazards and people’s per¬ 
ceptions of risk. Artists and research sci¬ 
entists often feel that the rewards of their 
job outweigh the risks of handling ex¬ 
tremely toxic chemicals. Because they lack 
these same rewards and control over their 
job, lab technicians and assembly-line 
workers often perceive far greater risks 
from handling the same substances. The 
workers’ testimony also implicitly high¬ 
lights the class nature of health, since those 
higher up on the occupational, and hence 
socioeconomic, ladder often suffer far 
fewer work hazards. 

These individuals’ experiences under¬ 
score the cavalier way new products and 
the chemical processes on which they are 
based are routinely adopted with little 
thought for workers’ health. Throughout 
Workers at Risk, employees complain that 
they lack information about the chemicals 
they deal with: they don’t know their com¬ 
position, immediate effects, or long-term 
and synergistic effeas. The problem is that 
little such information exists. 

Hundreds of chemicals are introduced 
annually with little systematic testing of 
their carcinogenic and neurological ef¬ 
fects. This occurs despite passage of the 
Toxic Substances Control Act in 1976, 
which mandated that chemicals be mon¬ 
itored and controlled throughout their life 
cycle—from extraction and development 
through production and sale. Soon after 
the act became law, the Interagency Test¬ 
ing Commission identified 45 individual 
or classes of potentially hazardous chem¬ 
icals to which thousands of workers are 
exposed, but for which little toxicological 
information exists. However, just a hand- 
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Respite centmies of 
effort, our cities remain a jumble of 
architectural ihsions. 


ful of these chemicals has since been con¬ 
trolled, and then only after lengthy and 
costly litigation with industry. 

Why this disregard for workers’ health? 
TTie problem is not one of feasibility. Cor¬ 
porations and governments routinely col¬ 
lect intricate financial and political data 
about their competitors and citizens. 
Rather, the issue concerns our society’s 
priorities. Firms pursuing short-term 
profits often neglect long-term conse¬ 
quences in both the workplace and the 
environment. They can pass off the exter¬ 
nal costs of cleaning up polluted streams 
and treating sick workers to the public 
debit sheet. 

Many European nations devote far 
greater resources than does the United 
States to inspecting workplaces and mon¬ 
itoring workers’ health. For example, Italy 
has required control of 47 hazardous sub¬ 
stances since 1952. TTiere workers do not 
have to prove a cause-and-effect relation¬ 
ship between toxic exposure and disease; 
simply the presence of a hazardous sub¬ 
stance in the workplace is enough for vic¬ 
tims to receive compensation. In Finland, 
the ratio of local occupational health in¬ 
spectors to workers is 1 to 4,440; in the 
United States, 1 state inspector monitors 
every 20,000 workers under the purview 
of the Occupational Safety and Health 
Administration. 

Tbe form of Nelkin and Brown’s book 
is both its strength and its weakness. While 
the workers’ comments evoke sympathy 
for those who bear the burdens of profit 
making, their testimony does not enlighten 
us as to which conditions evoke passivity 
and which stimulate action. Without such 
information, determining how health con¬ 
cerns can become a priority on the shop 
floor and in the community is difficult. 
Occupational health is essentially an issue 
of workplace control. As a stage carpenter 
says, “The only adequate safeguard is to 
have the people who are exposed to the 
hazard, the workers themselves, be sub¬ 
stantially in control of their circumstances, 
their physical surroundings, and the prior¬ 
ities involved in their work.” The question 
is how to unite workers across industries 
and communities to help make that goal 
a reality. □ 


CHRIS ANNE RAYMOND has a Ph.D. 
in sociology from Cornell and is a re¬ 
searcher at Chicago’s Museum of Science 
and Industry. 



The Idea of the City 

Collage City 

by Colin Rowe and Fred Koetter 
M.l.T. Press, $9.95, paper 

Reviewed by Tarek Ashkar 


The city has always been a collage of in¬ 
tentions. Despite centuries of effort and 
artifice by architects and urban designers 
to create illusions of clarity and order, our 
cities remain a jumble of architectural vi¬ 
sions. Collage City, first published in 1979 
and recently issued in paperback, attempts 
to elevate this real situation to the level of 
an ideal. Authors Colin Rowe and Fred 
Koetter call their book “a program for 
constructive disillusion.” It is a critique of 
the modern architect’s optimistic vision of 
a completely ordered and designed city of 
the future. 

The authors’ ideas have descended from 
their academic plane to become some of 
the major tenets of post-modern architec¬ 
ture. We see their ideas affecting practice 
every day, from the current boom in res¬ 
toration and historic preservation to the 
landmark rewriting of the Manhattan zon¬ 
ing laws to preserve the character of Fifth 
Avenue. At the root of these events are 
changing architectural ideals that prefer 
the incident to the grand gesture, the eclec¬ 
tic to the pure. TTie new sensibility is more 
attuned to accommodation and collage 
than to the ideals of clarity and order. 

According to Rowe and Koetter, archi¬ 


tects’ concept of the ideal city has long 
been based on contemporary notions of 
the ideal society, or utopia. However, 
these notions have changed over time. Un¬ 
til the eighteenth century, utopia harkened 
back to antiquity—an idealized, classical 
past. Architects’ drawings of the ideal city 
were primarily symbols of that perfect so¬ 
ciety. Their geometric urban plans, often 
based on polygonal forms and resembling 
cosmic diagrams as much as cities, re¬ 
flected the static hierarchies of the princely 
state. 

With the Enlightenment, the Golden 
Age moved from an emphasis on idealized 
antiquity to the literal future, and the ideal 
city came to be seen as a tool for social 
betterment. During the nineteenth cen¬ 
tury, in which society was viewed as an 
evolving organism rather than a fixed or¬ 
der, architects’ ideal city changed from 
static, closed geometries to more open and 
organic compositions such as Arturo So¬ 
ria’s design for an endless, curving, linear 
city. The role of architects was trans¬ 
formed as well: liberated from the bonds 
of royal servitude, they became self-pro- 
claimed social servants, visionaries bur¬ 
dened with the task of pushing society into 
the future. 

The modern movement of the early 
twentieth century inherited the previous 
era’s utopian fervor as well as its roman¬ 
ticized view of the architect. But the ideals 
of technology and the machine replaced 
the changing social order as the historical 
force that could not be resisted. Le Cor¬ 
busier dreamed of leveling much of Paris 
to make way for a vast park dotted with 
skyscrapers and criss-crossed by high¬ 
ways. However, as the authors note, mod¬ 
ern architecture’s urban vision was an all 
or nothing proposition—a vision of 
change so all-encompassing that it was im¬ 
possible to bring into existence. The con¬ 
temporary embodiment of this ideal, the 
glass tower surrounded by a plaza, re¬ 
mains a fragmentary image. 

In the past couple of decades, some 
critics have castigated modernism for not 
going far enough, in either its social 
agenda or its romance with the machine. 
Others have reaaed by casting their lot 
with the “people” in an unqualified em¬ 
brace of their traditions. The results are 
vernacular English “new towns” that in¬ 
corporate a vision of Old World charm 
usually represented by pitched roofs, mar¬ 
ket squares, and awnings—all of which 
create the feeling of being on a stage set. 
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Architects as Tinkerers 

To resolve this contemporary impasse, the 
authors propose that the ideal city need 
not be ideal. Rather, today’s urban areas 
can accommodate a variety of utopian no¬ 
tions, including tradition and futurism and 
whatever lies in between. The city may 
both recall the past and prophesy the fu¬ 
ture. And in place of the role of the ar¬ 
chitect as visionary, the authors propose 
the “bricoleur,” a figure they borrow from 
Claude Levi-Strauss that means putterer 
or tinkerer. 

With utopia neutralized and architects 
dethroned, Rowe and Koetter put forward 
their own vision of the city as reflected in 
numerous models. These include early 
nineteenth-century Paris and Munich, 
which possessed a museumlike diversity of 
architectural styles and monuments. The 
authors also propose Hadrian’s Villa at 


Tivoli, constructed during the early Ro¬ 
man Empire, as an example of an agglom¬ 
eration of building types with no imme¬ 
diately apparent structure or order. But 
the most successful model for a “collage 
city” is the technique of collage itself, in 
which the meanings of various objects are 
transformed by their artful relationship. 
Rowe & Koetter look to the work of Pi¬ 
casso and Braque for examples of this 
technique. 

Collage City is a difficult book: the au¬ 
thors include such an assortment of ideas 
that readers may wonder whether they are 
confronting history, theory, or manifesto. 
And this breadth of topics is frequently 
not matched by a depth of treatment. 
Thus, architects may be confused as they 
shuttle through a somewhat flippant his¬ 
tory of nineteenth-century social theory, 
while historians may be shocked by what 
passes for social theory among architects. 


City planners will be insulted on numerous 
occasions, and amateurs’ heads will swim 
with the jargon of numerous disciplines in 
a book that ideally should be readable by 
everyone. 

Collage City is a speculative work that 
makes suggestions rather than statements. 
The authors use a prose of persuasion that 
is sometimes exasperating in its vagueness: 
the book is a manifesto, but without the 
usual call to arms and threats of doom if 
its prescriptions are not followed. Yet, for 
many architects of the current generation. 
Collage City and the other teachings of its 
authors have been very convincing. The 
fact that contemporary architecture has 
begun to accommodate itself to the exist¬ 
ing city, rather than wishing it away, can 
be traced directly to their influence. □ 


TAREK ASHKAR is an architect in New 
York City. 


Continued from page 5 
pan and Taiwan, and 1 doubt these spe¬ 
cialists will do path-breaking work. 

Clearly, Singapore is not content with 
its strategy of using the work of others and 
is looking to become an innovator itself. 
However, without scientists and advanced 
engineers, implementing such a strategy 
will be difficult. 

More Computers in the Classroom 

In “Computers Are Sprouting in the 
Groves of Academe” {October, page 18), 
Peter Gwynne points out that students at 
Stevens Institute of Technology were re¬ 
quired to purchase the Atari 800 computer 
in 1982. He then maintains that these stu¬ 
dents were “stung by the speed of tech¬ 
nical advance” when the school began 
requiring them to use Digital’s Profes¬ 
sional Model 350 computer. Stevens is 
committed to integrating both these com¬ 
puters into the curriculum. We support 
development of courseware for juniors 
owning Ataris while we engage in projects 
involving the Digital PRO350 in freshman 
and sophomore classes. 

This year, juniors in the Stevens science 
curriculum perform sophisticated calcu¬ 
lations for quantum chemistry on the Atari 
800. These students had the benefit of us¬ 
ing numerical methods to solve differential 
equations as freshmen and performing 
simulations in a statistics course as soph- 
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omores. They now use their Atari ma¬ 
chines, campus minicomputers, and 
mainframe computers with an uncommon 
facility that belies the assumption that they 
have a lingering need to “recoup” their 
initial investment. 

Edward A. Friedman 
Hoboken, N.J. 

Edward Friedman is vice-president for ac¬ 
ademic affairs at Stevens Institute of Tech¬ 
nology. 

Energy from Hydrogen 

James MacKenzie is correct in “Beyond 
Fossil Fuels” (AugustISeptember, page 14) 
that severe economic, political, and mili¬ 
tary repercussions will result when the 
next energy crisis hits. The heavy debt that 
now burdens many smaller nations is a 
direct result of the last energy crisis. The 
world must have a stable, clean source of 
energy to avoid catastrophe. Luther W. 
Skelton is also correct, in his book The 
Solar Hydrogen Energy Economy, which 
MacKenzie reviews, in identifying hydro¬ 
gen as the only viable alternative to car¬ 
bon-based fuels. At the 5th World 
Hydrogen Energy Conference recently 
held in Toronto, over 600 scientists and 
representatives from 34 countries, includ¬ 
ing the Soviet Union and China, expressed 
their concern about the serious threat that 
current energy sources pose to the envi¬ 


ronment and world peace. 

I disagree with MacKenzie that govern¬ 
ment is a detriment in solving these prob¬ 
lems. The Synthetic Fuels Corporation 
failed because there was no sense of na¬ 
tional urgency regarding the need for de¬ 
veloping a new energy source. The United 
States is capable of developing cheap solar 
hydrogen as that energy source. Needed 
are only adequate research funds and the 
enthusiasm mustered for the rapid buildup 
for World War II and the space race. 

Most people continue to think of oil, 
coal, and natural gas mainly as sources of 
energy. But these precious resources are 
also raw materials for over 3,000 com¬ 
mercial produas, including synthetic rub¬ 
ber, lubricants, medicines, plastic, and 
synthetic fibers such as nylon. Dacron, and 
polyester. What will happen when the raw 
materials for these products are no longer 
available? 

If leaders of industry and their corporate 
shareholders would stop thinking only of 
short-term profits and give some thought 
to the future, we might develop that na¬ 
tional sense of urgency and start building 
the solar-hydrogen infrastructure we des¬ 
perately need! 

H. Roger Hinds 
South Lake Tahoe, Calif. 


Mr. Hinds is news editor of the Interna¬ 
tional journal of Hydrogen Energy. 
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In \itro fertilization 
challenges such fundamental 
concepts as motherhotxl and 
fatherhcxxl. Its possible uses 
raise troubling ediical 
questions. 


Technology 

and. 

Procreation: 

How Far 
Should We Go? 


BY PETER SINGER 
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A revolution is under way in human repro¬ 
duction that is comparable in many ways 
to the revolution in physics that produced 
the atomic bomb. But the reproductive revolu¬ 
tion may prove to be even more far-reaching. If 
we succeed in averting nuclear disaster, new re¬ 
productive technologies may someday give us the 
power to reshape the human species itself. 

The basic technology behind this revolution is 
in vitro fertilization (ivf) —fertilizing an egg out¬ 
side the womb and transferring the resulting em¬ 
bryo back into the womb. Taken in itself, ivf 
may seem nothing more than a means of helping 
some infertile women become pregnant. But it 
opens the door to an avalanche of technologies 
that could be far more controversial: the freezing 
of human embryos for research use, the donation 
of an embryo from one woman to another, sur¬ 
rogate motherhood, sex selection, gene therapy 
for inherited diseases, and ultimately, genetic 
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engineering of basic human traits. 

Today, only six years after the birth of Louise 
Brown—the first human being to have been con¬ 
ceived outside a woman’s body—some of these pro¬ 
cedures are already possible. In Melbourne, 
Australia, the Monash University ivf team is cur¬ 
rently storing some 200 embryos in liquid nitrogen 
at - 196®F. At this temperature, they could remain 
viable for hundreds of years. Other ivf units, in¬ 
cluding one at the University of Southern California, 
are also using freezing techniques to store embryos. 

Doctors at the University of California-Los An¬ 
geles Medical School have already employed the 
technique of embryo flushing. In this procedure, a 
woman is fertilized with sperm from the husband of 
an infertile woman. Then, within a few days of con¬ 
ception, the fertilized egg or embryo is flushed from 
her body and reimplanted into the infertile woman. 
So far, two births have resulted from the use of this 
technique at UCLA. Also, a growing number of in¬ 
fertility centers in the United States recruit surrogate 
mothers. For a fee, these women agree to be arti¬ 
ficially inseminated with the sperm of a man whose 
wife is infertile. The surrogate mother then carries 
the fetus to term and relinquishes the child at birth 
to the couple. 

No one has yet attempted to treat genetic disease 
in the womb by replacing a defective gene with a 
healthy one—a procedure known as gene therapy. 
And genetic engineering of basic human traits re¬ 
mains a distant possibility. But the first approved use 
of gene therapy in children after they’ve been born 
may be less than a year away. Scientists are already 
able to transfer genetic traits from one animal species 
to another—from rats to mice—with visible effects 
on the growth and development of the mice. With 
advances in reproductive technology occurring at a 
rapid pace, a “brave new world” is hard upon us. 

Within this decade, or at most by the end of the 
century, we shall have to decide how to handle new 
technologies that call into question fundamental 
concepts such as motherhood and fatherhood and 
force us to ask which human qualities are the most 
desirable. We must start by acquainting ourselves 
with the new techniques and then decide which 
should become accepted practices in our society. 

The original technique of ivf is well-known: a 
woman who can’t conceive is given hormones to 
induce her ovaries to produce more than one egg 
during her next cycle. Her hormone levels are care¬ 


fully monitored to detect the precise moment at 
which the eggs are ripening. The eggs are then re¬ 
moved, usually through a fine tube inserted into the 
woman’s abdomen. The egg is sucked out up the 
tube. A laparoscope, a type of periscope illuminated 
by fiber optics, is also inserted into tbe abdomen so 
that the surgeon can locate the ripe egg. Instead of 
using a laparoscope, some IVF teams are now using 
ultrasound techniques that eliminate the need for a 
general anesthetic. 

An IVF Baby Born Every Day 

Once collected, the eggs are placed in culture in small 
glass petri dishes—not in test tubes, as popular belief 
would have it. Sperm are then obtained from the 
male partner through masturbation and placed with 
the egg. Fertilization occurs in at least 80 percent of 
the ripe eggs. The resulting embryos are allowed to 
divide once or twice in order to develop the embryos 
to the stage at which they would normally enter the 
uterus, via the fallopian tube. An embryo is then 
transferred to the woman some 48 to 72 hours after 
fertilization. The transfer, via the vagina, is a simple 
procedure. 

It is after the transfer, when the embryo is back 
in the uterus and beyond the scrutiny of medical 
science, that things are most likely to go wrong. The 
majority of embryos transferred by even tbe most 
experienced ivf teams fail to implant in the uterus. 
The reasons for the high failure rate are uncertain. 
Even in natural conception, many embryos—per¬ 
haps as many as 75 percent—fail to implant. Dra¬ 
matically improving the success rate of ivf may 
therefore not be possible. One pregnancy for every 
five transfers is now considered a good working av¬ 
erage for a competent ivf team, and many newer 
teams fail to achieve anything like that rate. Never¬ 
theless, so many units are now practicing ivf —in¬ 
cluding 70 in the United States alone—that several 
hundred babies have been produced as a result of 
the technique. According to one estimate, a new ivf 
child is now being born every day somewhere in the 
world. 

Some people oppose this relatively simple tech¬ 
nique even when used by a married couple. Certain 
religious groups object to ivf on the grounds that it 
is “unnatural,” that it involves masturbation, that it 
is risky for the offspring, and that it separates the 
procreative and conjugal aspects of marriage and so 
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damages the relationship. 

We can deal swiftly 
with these objections. If 
we were to reject medical 
advances on the grounds 
that they are “unnatu¬ 
ral,” we would be reject¬ 
ing modern medicine as a 
whole. The very purpose 
of the medical enterprise 
is to resist the ravages of 
nature that would other¬ 
wise shorten people’s 
lives and make them 
much less pleasant. 

The objection to mas¬ 
turbation stems from re¬ 
ligious taboos of a 
previous era that most 
people, including clergy, 
would now consider out¬ 
dated. 

The claim that IVF is risky for the offspring may 
have been a strong argument before the technique 
became widely used. But results so far have happily 
refuted gloomy forecasts that the offspring would 
be mentally and physically defective. Of the several 
hundred babies born as a result of IVF, no more than 
two have had serious congenital defects. This is ac¬ 
tually a lower rate than that for ordinary concep¬ 
tions, and the defects are not believed to be the result 
of IVF. Of course, it is still too soon to claim with 
statistical certainty that the risk of defect does not 
increase with ivf. 

The argument that ivf endangers the marital re¬ 
lationship is even more difficult to defend. Few in¬ 
fertile couples will take seriously the view that their 
relationship will be damaged if they use a technique 
that offers them the best chance of having their own 
child. In any case, it is extraordinarily paternalistic 
for anyone to tell couples that they should not use 
IVF because it will harm their marriage. That, surely, 
is for them to decide. 

The Rights of Infertile Couples 

Others argue that adoption is a better solution to 
the problem of childlessness than ivf. In an over- 
populated world in which so many children cannot 
be properly fed and cared for, there is something 


incongruous about using 
all the ingenuity of modern 
medicine to create more 
children. Similarly, while 
so many people still die 
from preventable diseases, 
is there not something 
wrong with priorities that 
lead us to develop expen¬ 
sive techniques for over¬ 
coming the less serious 
problem of infertility? 
(Each attempt to fertilize 
and transfer an egg costs 
between $3,000 and 
$7,000.) 

These objections would 
make sense in an ideal 
world where we would 
find loving families for all 
unwanted children, and 
where we could eliminate 
all malnutrition-related diseases before we tackled 
the problem of infertility. But is it fair to ask ivf 
alone to pass such a test? In an ideal world, none of 
us would consume more than our fair share of re¬ 
sources. We would not drive expensive cars while 
others die for the lack of drugs costing a few dollars. 
We would not eat a diet rich in wastefully produced 
animal products while others cannot get enough to 
nourish their bodies. We cannot demand more of 
infertile couples than we are ready to demand of 
ourselves. If fertile couples are free to have large 
families rather than adopt destitute children, infertile 
couples must also be free to do whatever they can 
to have their own children. 

IVF also raises the question of whether infertile 
couples have a right to community medical re¬ 
sources. Again, we must not single out ivf for 
harsher treatment than we accord other medical 
techniques. If surgery to correct blocked fallopian 
tubes—the ducts that carry eggs from the ovaries to 
the uterus—is available and covered by health in¬ 
surance, then why should ivf be treated any differ¬ 
ently? Both techniques cost about the same. And if 
couples can obtain free or subsidized psychiatric care 
to help them overcome the psychological problems 
of infertility, there is something absurd about deny¬ 
ing them free or subsidized treatment that could 
overcome the root of the problem. By today’s stan- 
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dards, IVF is not an in¬ 
ordinately expensive 
medical technique. No 
country limits its provi¬ 
sion of free or subsidized 
health care to patients 
whose lives are in danger. 

Once we extend coverage 
to less traumatic injuries, 
incapacities, and psycho¬ 
logical distresses, IVF has 
a strong claim for inclu¬ 
sion among free or sub¬ 
sidized treatments. 

A Boon for Women? 

Some feminists have ex¬ 
pressed concerns about 
the effects of this repro¬ 
ductive technology on the 
status of women. Robyn 
Rowland, an Australian sociologist, writes: “Ulti¬ 
mately the new technology will be used for the 
benefit of men and to the detriment of women. Al¬ 
though technology itself is not always a negative 
development, the real question has always been who 
controls it. Biological technology is in the hands of 
men.” 

1 can see little basis for such claims. For a start, 
women have figured quite prominently in the leading 
IVF teams in Britain, Australia, and the United States. 
Jean Purdy was an early colleague of Robert Ed¬ 
wards and Patrick Steptoe in the research that led 
to the birth of Louise Brown. Linda Mohr has di¬ 
rected the development of embryo freezing at the 
Queen Victoria Medical Center in Melbourne, and 
in the United States Georgeanna Jones and Joyce 
Vargyas have played leading roles in the pathbreak¬ 
ing clinics in Norfolk, Va., and at the University of 
Southern California. 

Even if we grant that this technology remains pre¬ 
dominantly in male hands, we should remember that 
it was developed in response to the needs of infertile 
couples, and thus is as much a response to the needs 
of women as to those of men. 

Rowland further argues that the development of 
more advanced techniques such as ectogenesis—the 
growth of the embryo outside the body in an artificial 
womb—will reduce the status of women. She con¬ 


cludes with the dire warn¬ 
ing that “women’s 
position is most precarious 
... we may find ourselves 
without a product of any 
kind with which to bar¬ 
gain. For the history of 
‘mankind’ women have 
been seen in terms of their 
value as childbearers. We 
have to ask, if that last 
power is taken and con¬ 
trolled by men, what role 
is envisaged for women in 
the new world? Will 
women become obsolete?” 

Fiowever, if ectogenesis 
ever becomes possible, I 
think it will provide a 
choice for women. As Shu- 
lamith Firestone noted in 
her influential work The 
Dialectic of Sex, such a choice would remove the 
fundamental biological barrier to complete equality. 
Firestone welcomed the prospect of ectogenesis and 
condemned the lower priority our male-dominated 
society gives to research in this area. 

Firestone’s view is surely more in line with the 
drive to equality between the sexes than Rowland’s. 
If we argue that breaking the link between women 
and childbearing would undermine the status of 
women, we are questioning the ability of women to 
achieve equality with men across the broad range of 
human endeavor. I am not so pessimistic. 1 think 
women will be helped, rather than harmed, by the 
development of a technology that makes it possible 
for them to have children without being pregnant. 

Thorny Ethical Questions 

Other uses for ivf raise far more immediate ethical 
questions. For instance, a couple may not be infertile 
but may wish to use ivf because the woman carries 
a genetic defect. In that case, the egg would be do¬ 
nated from another woman, much as sperm are do¬ 
nated by another man when the husband carries a 
genetic defect. There’s also the possibilty that both 
the sperm and the egg may come from other people. 
Finally, some of the embryos created may not be 
inserted into the woman’s womb. Instead they may 
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demand more of fertile couples 
than xce are ready to 
demand ofaurselves. 


26 FEBRUARY/MARCH 1985 



be frozen and stored for later use, donated to others, 
used for research, or simply discarded. 

Using IVF for fertile couples when the woman car¬ 
ries a serious genetic defect seems easy to defend. If 
we allow artificial insemination when the man has 
a genetic defect, we should also allow IVF when the 
woman is the carrier. Here too, however, there is a 
question of how far we should go. What if the defect 
is very minor? What if there is no defect at all, but 
the couple wants a donor egg or sperm from a male 
or female friend whose intelligence or beauty they 
consider superior to their own? A California sperm 
bank is already offering selected women the sperm 
of Nobel Prize-winning scientists. It is only a matter 
of time before “superior” eggs are also offered. Yet 
it seems clear that as long as IVF is not routinely 
available, those women who are infertile or who 
carry a serious genetic defect should have first claim 
upon it. 

The use of donor sperm, eggs, and embryos raises 
further questions. One lesson learned from the use 
of donor sperm in artificial insemination is that a 
couple needs counseling before going ahead with the 
procedure. Psychological problems have resulted 
when one social parent is not genetically related to 
the child. The child, for instance, may feel a loss of 
identity and reject the social parent, particularly if 
he or she is going through a difficult phase. There 
is also the question of whether the child is to be told 
of her or his origins. Many adoptees believe they 
have the right to full information about their genetic 
parents; a strong case can be made that the same 
applies to people born as a result of the use of donor 
sperm or eggs. Non-identifying medical and familial 
information about the donor should be released to 
the parents so they can inform the child later. 

Does an Embryo Have Rights? 

The most controversial issue in this debate concerns 
the embryo’s moral status. This is a crucial question 
when we consider whether to create more embryos 
than we are willing to put back into the womb at 
one time. Disposing of embryos or using them for 
research purposes runs counter to the view held by 
some that the embryo is a human being with the 
same right to life as any other. But religious doctrines 
apart, is it plausible to hold that the embryo has a 
right to life? 

Those who claim that the embryo has a right to 


life make the fallacious assumption that mere mem¬ 
bership in the species Homo sapiens is enough to 
confer that right. Why should species membership 
in itself be morally crucial? If we are considering 
whether it is wrong to destroy something, surely we 
must look at its actual characteristics, not just at the 
species to which it belongs. In terms of its actual 
characteristics, the newly conceived embryo ranks 
very low. Unlike dogs, pigs, chickens, and other an¬ 
imals, it has no brain or nervous system and is pre¬ 
sumably quite incapable of feeling pain or anything 
else. It therefore can have no interests. 

Why then should it have a right to life superior 
to that of other creatures who are so much more 
capable of experiencing the world? Is it because the 
embryo has the potential to become a full-fledged 
human being with a high degree of rationality and 
self-awareness? But if the potential of the embryo is 
so crucial, why do all sides agree that they would 
not object to disposing of the egg and the sperm 
before they have been combined? An egg and a drop 
of seminal fluid, viewed collectively, also have the 
potential to develop into a mature human being. 

So if it is all right to prevent the egg and sperm 
from realizing their potential as a mature human 
being, why should it be wrong to take the same step 
a day or two later and prevent the embryo from 
realizing its potential? Until the embryo develops to 
the point at which it is capable of experiencing some¬ 
thing, it is impossible to defend the view that it is a 
being with rights. 

As a result, I don’t believe there is an ethical prob¬ 
lem with discarding a very early embryo as long as 
the parents give their consent. If the early embryo 
can be used for significant research, so much the 
better. What is crucial is that the embryo not be kept 
beyond the point where it forms a brain and a ner¬ 
vous system and might be capable of suffering. Two 
committees of leading scientists, doctors, theologi¬ 
ans, and lay people—the Warnock committee in Brit¬ 
ain and the Waller committee in Australia—have 
recommended that research on embryos be allowed, 
but only up to 14 days after fertilization. That is 
when the so-called “primitive streak”—the first in¬ 
dication of the development of a nervous system— 
begins to form. 

The Warnock commitee has further recommended 
that it be a criminal offense to conduct research on 
any live human embryo derived from IVF beyond the 
14-day limit. In Victoria, Australia, legislation based 


TEC HNOLOGY REVIEW 27 


on the Waller report has already passed the state 
parliament requiring a special review committee to 
approve all experimental procedures liable to harm 
embryos. Experimenters violating this provision can 
be fined or imprisoned for up to four years. 

For now, such restrictions will probably not se¬ 
riously hamper research. No one has yet kept an 
embryo alive outside the body for as long as 14 days, 
although Robert Edwards kept one going for 9 days. 
But in time the pressure to do research on older 
embryos will mount. And it is not obvious why such 
significance should be attached to the development 
of the “primitive streak.” It would be easier to see 
moral significance in the formation of the elements 
of the nervous system that make possible some de¬ 
gree of consciousness or the capacity to feel pain. 
The parts of the brain associated with consciousness 
do not begin to form until approximately the sixth 
week, so a cutoff point for research somewhere be¬ 
tween 14 days and six weeks may turn out to be 
more reasonable. 

The practice of freezing human embryos with a 
view to later implantation is controversial mainly 
because of concern for the offspring. Since only a 
few frozen embryos have successfully been thawed, 
implanted into the mother’s womb, and carried to 
term, it’s too soon to evaluate the risk to children 
created this way. If freezing is found to carry no 
special risk of abnormality, its use by infertile cou¬ 
ples would seem to be beyond reproach. 

But what if the parents die without leaving in¬ 
structions about the disposal of the embryos? This 
grim scenario has already occurred in the case of 
Elsa and Mario Rios, a California couple killed in a 
plane crash after they deposited two embryos for 
frozen storage in Melbourne. Neither left any in¬ 
structions on disposing of the embryos, an omission 
complicated by the considerable estate they left to 
their heirs. A committee of inquiry set up by the 
state government of Victoria recommended that the 
embryos be removed from storage, a euphemism for 
allowing them to die. However, the state parliament 
disregarded this recommendation and passed a law 
stating that such embryos could not be destroyed. 
This legislation requires that these embryos be do¬ 
nated anonymously to an infertile couple—leaving 
unresolved the question of whether any resulting off¬ 
spring could lay claim to the Rios’ inheritance. 

Surrogate motherhood raises other disturbing is¬ 
sues, yet it is already in use along with artificial 


insemination in the United States and, more recently, 
in Britain. In this procedure, the husband donates 
sperm to fertilize the egg of another woman. That 
woman carries the resulting embryo to term and is 
supposed to return the child to the original couple 
after birth. A growing number of clinics recruit sur¬ 
rogate mothers and match them with infertile cou¬ 
ples for a substantial fee, usually at least $10,000. 
Any government would have difficulty stopping such 
an arrangement, as it does not require the services 
of a medical practitioner until the actual birth. Even 
if the procedure were outlawed, its practitioners 
could easily go “underground,” offering surrogacy 
much the way black-market adoptions are offered. 

Preventing Commercial Motherhood 

However, we can use government regulation to try 
to eliminate some of the obvious problems of sur¬ 
rogate motherhood. For instance, we can restrict the 
involvement of women who are psychologically un¬ 
prepared for surrogacy and may wish to keep the 
baby. We can make it illegal for women to abort the 
baby in an attempt to extract more money from the 
infertile couple. We can also pass legislation to pre¬ 
vent couples from refusing to accept the baby if it 
is born with a defect. 

The law now regards a woman who gives birth 
to a baby as its legal mother. And in one landmark 
U.S. case, the Michigan Court of Appeals in 1981 
interpreted a state law against baby “bartering” as 
preventing a couple from paying a surrogate mother 
$5,000. But the court did not decide whether being 
a surrogate mother without a fee is illegal. 

Having surrogate mothers carry embryos pro¬ 
duced through IVF is not so different, except that 
they may find it easier to part with babies that are 
not their genetic children. Certainly, the number of 
couples interested in using surrogates will increase 
if the offspring can be the genetic children of both 
parents. It would be easier to prohibit surrogacy 
using IVF, since this technique does require sophis¬ 
ticated medical services. As far as is known, surro¬ 
gacy using IVF has not yet taken place. But I believe 
that in some cases such a procedure may benefit all 
parties and harm none—for instance, when a friend 
or relative offers to help an infertile couple. Where 
there is no commercial motivation, the problems are 
likely to be fewer. 

A commercial system of surrogacy raises much 
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greater problems. The 
Warnock committee rec¬ 
ognized this when it 
recommended that 
operating a commercial 
surrogacy agency, or as¬ 
sisting with commercial 
surrogacy in any way, be 
considered a crime. Com¬ 
mercializing this proce¬ 
dure threatens to divide 
our society into two 
groups: the poor who 
bear children and the rich 
who have others do it for 
them. This may bring 
economic benefits to the 
poor, but at considerable 
psychological cost. For 
now, it would seem best 
to restrict surrogacy to 
cases where the motiva¬ 
tion is altruistic and payment is limited to the reim¬ 
bursement of expenses during pregnancy. 

A Dangerous Silence 

The new reproductive technology came late to the 
United States because of a de facto ban, imposed in 
1974, on the use of federal funds for any kind of 
research involving human embryos. The ban still ex¬ 
ists today, hindering basic research in IVF and pre¬ 
venting federal scrutiny of applied ivF research now 
being conducted in private clinics throughout the 
United States. The ban has made it difficult for sci¬ 
entists, policymakers, and consumers to examine 
publicly the medical, ethical, and legal issues raised 
by IVF —a process that is now taking place in Britain 
and Australia. There is no U.S. equivalent to the 
detailed reports of the Warnock and Waller com¬ 
mittees. These reports may not be perfect, but they 
are intelligent, nonsectarian contributions to the pro¬ 
cess of making public policy. 

The only major U.S. document on IVF has been 
an ill-fated report published in 1979 by the Ethics 
Advisory Board of the Department of Health, Ed¬ 
ucation, and Welfare, as it was then called. This 
report recommended that the moratorium on federal 
funding of human embryo research be lifted, but its 
recommendation has never been acted on. Politicians 


appear to be intimidated 
by the so-called “pro¬ 
life” lobby, which in this 
instance opposes efforts 
to bring about new lives 
where none could exist 
without medical inter¬ 
vention. 

The United States ur¬ 
gently needs a fresh pub¬ 
lic examination of all the 
ethical aspects of the new 
reproductive technology. 
The challenge will be to 
conduct such a discussion 
in an atmosphere free of 
political threats and doc¬ 
trinaire religious teach¬ 
ings. The President’s 
Commission for the 
Study of Ethical Problems 
in Medicine, appointed 
by Jimmy Carter, succeeded admirably in probing 
similar problems in an unbiased, intelligent, and in¬ 
formal manner. However, it was dismissed by the 
Reagan administration before it could tackle even 
the most immediate issues raised by ivf. 

Embryos as Spare Parts 

Looking farther into the future, we can envision the 
application of ivf in other controversial ways. Em¬ 
bryos produced through ivf may someday be used 
to provide “spare parts” for people who, because of 
accident or illness, need an organ transplant. For 
example, embryonic tissue could possibly be used to 
restore nerve function in paraplegics. Embryos might 
be grown until organs begin to form. These organs 
could then be separated and grown in culture until 
they were large enough to be used. (Scientists can 
already grow embryonic mouse organs such as kid¬ 
neys, lungs, pancreases, and skin in culture.) This 
idea has provoked howls of protest from those who 
regard embryos as having the same rights as normal 
human beings. But as long as safeguards ensure that 
the embryo does not suffer, it is difficult to find sound 
ethical objections to this proposal. And given the 
current shortage of donor organs, the possible 
benefits of this technology are considerable. 

Of all the possible uses of ivf, genetic selection 
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and genetic engineering 
raise the most far-reach¬ 
ing questions. Should we 
tinker with the human ge¬ 
netic pool.^ If so, in what 
way? 

We already tinker with 
the genetic pool when we 
offer genetic counseling, 
amniocentesis, and abor¬ 
tion to those at special 
risk of producing defec¬ 
tive offspring. Genetic en¬ 
gineering differs from this 
kind of tinkering only in 
its techniques. But this 
difference is significant 
because the new tech¬ 
niques are so much more 
powerful. They may even 
allow us to select for de¬ 
sirable traits as well as 
against undesirable ones. 

This could be done by 
producing several em¬ 
bryos, identifying their 
genetic characteristics, 
and then implanting the 
most desirable embryo. 

Eventually, it may even 
be possible to modify the 
genetic properties of an embryo before implantation 
to eliminate defects and build in desirable qualities. 

In the next few months, physicians in the United 
States may attempt to perform gene therapy on chil¬ 
dren who suffer from Lesch-Nyhan syndrome, a dev- 
astating brain disorder that leaves children 
profoundly retarded; the syndrome is caused by the 
lack of a single normal gene. The treatment—the 
first approved human trial in the United States— 
would involve inserting the needed gene into bone- 
marrow cells taken from the patient. The genetically 
engineered cells would then be injected back into the 
patient’s body, presumably to multiply and provide 
enough of the normal gene. Gene therapy may also 
be used to eradicate other genetic diseases in the 
womb. Eventually it could be used to eliminate rel¬ 
atively minor defects in the body and perhaps even 
the mind. 

In time, we may even decide to build in positive 


modifications. After all, 
natural selection has left 
ample room for improv¬ 
ing the human race. And 
the ethical line between 
eliminating defects and 
making positive modifi¬ 
cations is difficult to 
draw. If we learn how to 
affect intelligence, should 
we stop short at elimi¬ 
nating mental deficiency? 
If we eliminate abnor¬ 
mally depressive person¬ 
alities, would it be wrong 
to try to produce people 
who tend to be a little 
more cheerful than most 
of us are now? If we elim¬ 
inate tendencies toward 
criminal violence, might 
we not build just a little 
more kindness into the 
human constitution? 

Many people are con¬ 
cerned that these tech¬ 
niques would be abused. 
Some fear that they 
would place too much 
power in the hands of 
governments, who will 
not be able to resist the temptation to design future 
generations to be docile. But I believe these fears are 
exaggerated. If we have succeeded in keeping our 
freedom in the age of television, snooping devices, 
and computers, we should be able to cling to it when 
we have the means to manipulate genetic traits as 
well. The technical ability to suppress liberty has 
been with us for a long time. It is our determination 
to prevent our rulers from exercising this ability that 
has kept us free. We can continue to do so, even in 
the age of genetic engineering. 


PETER SINGF.R is professor of philosophy and director of the Center 
for Human Bioethics at Monash University, Melbourne, Australia. He 
is co-author of The Reproduaive Revolution (Oxford University Press, 
1984; Scribner’s, forthcoming). 
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Equilibrium Solution 

Rapid, reliable methods for solving chemical equilibrium 
equations have long been sought by scientists asking fundamental 
questions about systems as varied as the atmosphere, the human 
body, and the internal combustion engine. An interdisciplinary 
collaboration at the General Motors Research Laboratories has 
produced a breakthrough with potentially universal applications. 



Figure I: Computer time required by an engine 
combustion model. Time required for chemical 
calculations decreased greatly with the new 
methodology. 


Figure 2: Artist's illustration of a chemically 
reacting flow. The physical space is divided by 
a latticed network into units of volume, and the 
solution must be recalculated for each grid point 
at each instant of time. 


VIUhEREVER chemistry is 

T T involved, the need to 
solve chemical equilibrium equations 
arises. Although methods for solv¬ 
ing such equations have existed for 
some time, they do not offer the 
speed demanded by the most chal¬ 
lenging problems. For example, pre¬ 
dicting the composition of gases 
inside an engine cylinder may require 
as many as a million equilibrium 
calculations per cycle. Two research¬ 
ers at the General Motors Research 
Laboratories have developed a sys¬ 
tematic way to reduce the mathe¬ 
matical complexity in these problems, 
thus making it possible to solve 
them rapidly. 

Chemical equilibrium occurs 
when the rates of a forward and 
reverse reaction are equal. Mathe¬ 
matically, this statement usually 
translates into a system of nonlin¬ 


ear polynominal equations. Until 
now, there has been no fast reli¬ 
able method for solving such systems. 
Solutions to particular problems 
have demanded thorough familiar¬ 
ity with the physical conditions. In 
most cases, this means partial knowl¬ 
edge of the answer. 

Dr. Keith Meintjes of the Fluid 
Mechanics Department and Dr. 
Alexander Morgan of the Mathe¬ 
matics Department began their 
research by considering recent 
advances in the theory of continua¬ 
tion methods. They concluded that 
a suitable continuation algorithm 
could be relied on to solve the non¬ 
linear polynomial equations that 
make up chemical equilibrium 
systems. In this insight lies the real¬ 
ization that the solution can be 
obtained without any knowledge of 
the physical nature of the problem. 

In seeking the most efficient 
implementation of the continuation 
method, the researchers discovered 
that chemical equilibrium equations 
can always be systematically reduced 
to a substantially simpler mathe¬ 
matical form. The reduced systems 
have fewer unknowns and a smaller 
total degree. The total degree of 
any system is the product of the 
degrees of each of its equations. 
Reducing the total degree makes a 
system easier to solve. A typical 
combustion problem with ten equa¬ 
tions and total degree of 192 was 
reduced by the researchers to two 
cubic equations with a total degree 
of nine. 

The reduced systems can then 
be systematically scaled to fit within 
the limits imposed by computer 
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arithmetic. The range of coefficients 
in chemical equilibrium systems 
tends to be too large or too small 
for the arithmetic of the computer. 
Consequently, the solution process 
can fail. By construction of an effec¬ 
tive scaling algorithm, this arith¬ 
metic constraint can be eliminated. 
Suitably reduced and scaled, the 
equilibrium systems can then be 
solved reliably by the continuation 
method. 


I HUS, Drs. Meintjes and Morgan 
M. accomplished their original 
goal of developing an innovative 
reliable approach to solving chemi¬ 
cal equilibrium equations. They 
also made a final, unexpected dis¬ 
covery. Certain standard solution 
techniques, which fail on the origi¬ 
nal systems, can be made absolutely 
reliable when applied to the reduced 
and scaled systems. These methods, 
which are variants of Newton’s 
method, are also many times faster 
than continuation. 

This research has produced 
an extremely effective solution 
strategy—reduction of the equa¬ 
tions, followed by scaling of the 
reduced systems, followed by the 
application of a suitable variant of 
Newton’s method. The simplifica¬ 
tion of the systems, which was origi¬ 
nally formulated to facilitate the 
implementation of the continuation 
method, proved to be the critical 
factor enabling the use of fast tech¬ 
niques. 

In one application, the chemi¬ 
cal equilibrium calculations are part 
of a model which predicts details 


of the flow, turbulence, and com¬ 
bustion processes inside an engine. 
By using their methodology to 
develop an equilibrium solver for 
this application, the researchers 
greatly increased the model’s solu¬ 
tion efficiency (see Figure 1). 

“It was the characteristic struc¬ 
ture of equilibrium equations’,’ says 
Dr. Meintjes, “that allowed us to 
perform the reduction. The unex¬ 
pected mathematical simplicity of 
the reduced systems suggests that 
even more efficient solution meth¬ 
ods may be discovered’.’ 

“Critical to this research’,’ says 
Dr. Morgan, “was the dialogue 
between disciplines. I hope that this 
dialogue will continue as scientists 
and engineers in diverse fields 
explore the capabilities of this new 
methodology.” 


General Motors 
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Dr. Keith Meintjes, a Staff Research 
Engineer in the Fluid Mechanics 
Department, joined the General 
Motors Research Laboratories in 
1980. Dr. Alexander Morgan, a Staff 
Research Scientist in the Mathe¬ 
matics Department, joined the Cor¬ 
poration in 1978. 

Dr. Meintjes (left) was born in 
South Africa. He attended the Uni¬ 
versity of Witwatersand, where he 
received a B.Sc. and M.Sc. From 
1973 to 1975, he taught fluid 
mechanics and engineering design 
at the university. He then went on to 
study at Princeton University, where 
he received an M.A. and Ph.D. in 
engineering. His doctoral thesis 
concerned numerical methods for 
calculating compressible gas flow. 

Dr. Morgan (right) received his 
graduate degrees from Yale Uni¬ 
versity in differential topology. His 
Ph.D. thesis concerned the geome¬ 
try of differential manifolds. Prior 
to joining General Motors, he taught 
mathematics at the University of 
Miami. His book, “Applications of 
the Continuation Method to Scien¬ 
tific and Engineering Problems’,’ will 
soon be published by Prentice-Hall. 
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Conversing with Computers 
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W HEN I see an advertisement heralding a 
certain computer or program as “con¬ 
versational,” I just don’t believe it. To 
me, conversation is speaking back and forth, 
pointing out this or that—a lively dialogue that 
involves glancing about and following the other 
person’s glances as well as using gestures to de¬ 
scribe, indicate, and emphasize. Whether the topic 
is trivial or weighty, conversation means a strong 
sense of another’s presence in a setting we both 
share. 

If you have used a computer at all lately, you 
know why I’m skeptical about claims that they 
are “conversational” in this rich sense. Yet I be¬ 
lieve that such a relationship between people and 
computers will come about, and in fact I have 
been trying to help make it happen. For the past 
eight years I have been working in M.I.T.’s Ar¬ 
chitecture Machine Group laboratory, founded in 
1968 on the basis of Nicholas Negroponte’s op¬ 
timism about the future of human-machine com¬ 
munication. My role is to combine a background 


in computers with insights from cognitive psy¬ 
chology to improve the interface where people and 
computers meet. 

The rationale for making computers truly con¬ 
versational is, to borrow a phrase from Professor 
Negroponte, to provide “supreme usability.” This 
means making the computer as easy and as inter¬ 
esting to talk to as another person, for the novice 
or occasional user as well as the computer veteran. 
Despite vaunted claims of “user friendliness,” 
even today’s most advanced computer systems— 
in industry, homes, or the military—are too often 
excruciatingly difficult and frustrating to use. Of 
course, many research groups are actively follow¬ 
ing a variety of paths to make computers friend¬ 
lier. But at the risk of seeming immodest, what 
sets our laboratory apart is the zest with which 
we are bringing many disciplines to bear on the 
problem. 

Our goal is not simply a utilitarian one of en¬ 
abling a manufacturer, for example, to produce so 
many more widgets per unit of time. Rather, we 


PHOTOGRAPH: WALTER BENDER AND RICHARD BOLT 



Someu'lune along the u'oy 
weve lost the expecUitum that inter acting 
with computers can Ire as natural as 
canying on a conversation. 


want to enhance the quality of the human-computer 
interface in its own right. We are convinced that 
using a computer should be a pleasurable, even ex¬ 
hilarating, experience. Whatever else computers are, 
they should be fun. 

This is in many ways a radical idea. Many people 
have long since adopted the notion that computers 
are for “getting the job done.” They can be im¬ 
proved, certainly, but they will basically remain tools 
that you put up with for the sake of the task at hand. 
Somewhere along the way we’ve lost the expectation 
that interacting with computers can be as natural 
as . . . carrying on a conversation. We’ve been 
forced, largely by commercial vendors, to be thank¬ 
ful for small advances toward user friendliness. But 
our group believes we shouldn’t mistake microsteps 
for real progress. Our sights are set on the root mean¬ 
ing of “to converse”: to keep company with. It is 
this conviviality that is now so egregiously absent 
from our experience with computers yet so vital to 
our sense of ourselves. 

Put-That-There 

Personal computers are now on the market that let 
you point at items on display, either by putting your 
finger on a touch-sensitive screen or by manipulating 
a “mouse,” a small device on a cord that controls a 
cursor on the display screen. There are computers 
that let you speak to them, comparing your message 
with stored samples of your speech. Some such re¬ 
cognizers handle only discrete speech—that is, 
phrases spoken one word at a time. Others can han¬ 
dle normal speech in which words are strung to¬ 
gether with no pauses in between. 

But computers that let you use both gesture and 
speech are not yet offered by commercial vendors. 
The expressive power of speech and gesture com¬ 
bined clearly exceeds that of either alone—hence the 
importance of using both to communicate with com¬ 
puters. We have made a start toward this goal. 

For example, several years ago I originated an 
exercise called “Put-That-There.” The setting for 
Put-That-There is a special room that becomes a 
computer terminal you enter rather than sit at. 
Called the Media Room, it is about the size of a 
personal office: eight feet high, ten feet wide, and 
roughly thirteen feet long. The front wall is entirely 
display screen on which images can be created by a 
projector located behind the screen {see page 39). 


The user sits at the center of the room wearing a 
microphone wired to an automatic speech recog¬ 
nizer. The recognizer is of the “connected-speech” 
type and has a vocabulary of 120 words. The user 
also wears a wristwatch band to which a small plas¬ 
tic cube is attached. This cube works in concert with 
a similar but larger cube mounted on a pedestal close 
to the chair. Both cubes generate magnetic fields 
when activated. From the relative position of the two 
magnetic fields, an associated computer calculates 
the position and orientation in space of the smaller 
cube, making it effectively a wrist-borne “pointer.” 

In Put-That-There, you create objects on the dis¬ 
play screen simply by talking and pointing. You can 
name them, change their color and shape, move them 
about, and delete them. For example, you might say, 
“Create a large green circle . . . there”—while point¬ 
ing with your raised arm at some spot on the screen. 
The system responds by putting up a large green 
circle at tbe spot you indicated. Next you might 
change the color of the circle by pointing at it and 
saying, “Make that red.” 

Instead of manipulating simple shapes on a plain 
background, you might manage color-coded ships 
against a map of the Caribbean. You can say, “Put 
a large blue tanker (pointing) there.” Or “create a 
yellow freighter southeast of Haiti.” Then you name 
the ship: “Call that (pointing to the freighter) the 
Flying Cloud.” 

The information you give by either hand move¬ 
ments or speech need not be perfect. Put-That-There 
requires only that gestures and speech, when con¬ 
sidered together, converge upon what the user in¬ 
tended. Suppose you point to some spot on the map 
and issue the command, “Put the green freighter 
there”—but you mumble a bit on the phrase “green 
freighter,” so the match with the prerecorded phrase 
is only marginal. A speech recognizer would ordi¬ 
narily declare it a miss. Your pointing, too, is a bit 
wobbly, hitting the freighter but sweeping by some 
other ship’s image as w’ell. In other words, tbe data 
taken separately from either mode are ambiguous. 
Combined, though, the evidence gains strength. 
“Green freighter” is a plausible interpretation of 
what you intended to say, as you did in fact point 
toward the freighter, though you hit other items as 
well. The system, able to weigh the evidence from 
both modes, draws the reasonable conclusion that 
you probably did intend to move the green freighter. 

This ability to use pronouns and adverbs instead 
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of names and descriptions—and to point at the ob¬ 
jects—reduces the usual problems of automatic 
speech recognition. It’s like being able to identify 
one clown out of a crowd of them, not by saying 
“the tall clown with the purple nose and the green 
jacket,” but by pointing and exclaiming “him!” 

Vendors of automatic speech recognizers typically 
claim that their products are at least 99 percent ac¬ 
curate. But such levels of accuracy are achieved only 
under optimal testing conditions, including low 
noise levels, trained speakers, and specially selected 
vocabularies. Performance under more realistic con¬ 
ditions may reach only about 65 percent. Obviously 
what matters is the effective level of communica¬ 
tion—not the narrow issue of speech recognition but 
the broader and more fruitful one of speech inter¬ 
pretation. 

The Put-That-There system takes the situation 
into account when interpreting speech. Suppose you 
say, “Create a blue freighter there,” and the speech 
recognizer misses the command “create.” On the 
basis of syntax alone, the missing word could be 
“create” or it could be “move.” The system resolves 
that uncertainty by knowing whether a blue freighter 
already exists. If one doesn’t, the system properly 
infers that the missed word must be a create com¬ 
mand, not a move command, and so it puts a blue 
freighter at the indicated spot. 

Chris Schmandt and Eric Hulteen, who pro¬ 
grammed Put-That-There, did their utmost to avoid 
making the user repeat words unnecessarily. Suppose 
the user says, “Move Flying Cloud northwest of 
Haiti.” If the word “northwest” is missed, the system 
simply asks, in its synthesized voice, “What direc¬ 
tion?” It does not demand that the entire command 
be repeated. Computer visionary Alan Kay, in an 
interview in Psychology Today, characterized inter¬ 
acting with the Put-That-There system as being “like 
dealing with a friendly, slightly deaf butler.. . . From 
the standpoint of your expectations, you are willing 
to deal with it.” Indeed, our aim is to make the user 
feel that despite inevitable lapses in word recogni¬ 
tion, the system is doing its best to understand the 
user’s intent. Achieving such user confidence is a big 
factor in any system’s acceptance. 

Telling Glances 

Developmental psychologists tell us that one of the 
first things a child learns is to follow the mother’s 
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line of gaze as she speaks about things. For example, 
the child hears the sound “kitty” while following the 
mother’s gaze to that lively, furry creature. Similarly, 
we can tell where someone’s visual attention is di¬ 
rected by watching the eyes. By contrast, we cannot 
directly determine “where” a person is listening; 
people’s ears don’t angle about like a rabbit’s do. 
But interestingly enough, psychologists have found 
evidence for a link between eye position and auditory 
attention: we tend to listen in the direction we are 
looking. 

This conversational strategy of watching where 
the other person is looking—as a way of tapping 
into what that person is paying attention to—can 
help a computer. By monitoring which part of the 
display screen the user is looking at, the machine 
can better understand what the user is interested in 
and is trying to communicate. 

In a complementary sense, the computer’s graphic 


TECHNOLOGY REVIEW 37 














I eriimkm a “self-disdasing” computer 
system that need not tell you limu 
to operate it or wluit seivices it can proinde. 


display externalizes what the computer is offering to 
talk about—putting it “out there,” visibly, for the 
user to react to. This tends to focus the user’s speech 
upon what is “on the table” for discussion, which 
in turn greatly simplifies speech recognition by put¬ 
ting implicit limits upon the range of vocabulary 
likely to be used. At the same time, the display pro¬ 
vokes the user’s looking, pointing, and speaking; 
“What’s this.^ Where does that come from?” 

In his influential book The Nature of Managerial 
Work, Henry Mintzberg of McGill University char¬ 
acterizes the managerial world of the modern ex¬ 
ecutive as one of brevity, variety, and fragmentation. 
Executives spend little time on any one activity and 
must deal with a great number and variety of prob¬ 
lems in the course of a day. They must be in up-to- 
the-minute touch with rapidly changing situations 
yet not succumb to “information overload.” We can 
mimic electronically this salvo of events that con¬ 
front executives—events demanding various degrees 
of attention and decision—to see how they might be 
better managed. 

In the exercise called “Gaze-Orchestrated Dy¬ 
namic Windows,” we simulate the spirit of such a 
volatile situation in graphics on the Media Room’s 
display screen. We do this by creating a composite 
of many television episodes—a collection of up to 
40 moving images playing simultaneously. Some ep¬ 
isodes appear just as others are ending. The stereo 
soundtracks of all the episodes are also piped in, 
creating a kind of “cocktail party” melange of voices 
and sounds. We then exploit the selective visual at¬ 
tention of our hypothetical manager to orchestrate 
this complex, dynamic display—that is, we let the 
user’s eyes help sort out what he or she wants. 

The user sitting in the Media Room wears glasses 
that have a miniature eye-tracking system mounted 
in the frame. The device, developed by the Denver 
Research Institute, shines a tiny beam of infrared 
light onto the cornea and traces the reflection. This 
provides a constant measure of the position of the 
wearer’s eye with respect to the glasses. We also 
mount on the frame a small location-sensing cube— 
the same kind worn on the wrist in Put-That-There— 
to detect the position of the frame within the room. 
The measurements of eye position in the glasses and 
frame position in the room combine to reveal where 
the user is looking on the display screen. 

Whenever the system finds that the user is looking 
steadily at a particular image, it turns off the sound¬ 


tracks of all other episodes. If the user persists in 
looking at this episode for a few seconds or so, the 
system “zooms in” to fill the screen with that image. 
To recover the many deleted images, the user simply 
moves a joystick mounted on the arm of the chair. 
The net effect is to allow users to filter out all but 
the information of immediate interest, while ena¬ 
bling them to return at will to the more complex 
environment. We think this offers a way to exploit 
people’s natural processes of selective visual atten¬ 
tion to help them focus on the most relevant events 
in the midst of near-overwhelming complexity. 

Computers as Good Hosts 

Computers that know where on a display the user 
is looking and can capture speech and gesture sug¬ 
gest the possibility of “self-disclosing” systems: com¬ 
puters that tell about themselves. I don’t mean 
simply that the computer would be “manual-free,” 
although that would be a blessing unto itself. The 
reams of printed material that accompany some per¬ 
sonal computers sometimes seem to weigh more— 
both physically and intellectually—than the hard¬ 
ware. Rather, I envision a self-disclosing system that 
need not tell you how to operate it at all or what 
services it can provide. 

This computer would be instrumented to respond 
to your presence and normal behavior. It would have 
a full-color graphics display and eye-tracking ca¬ 
pability for determining where on its display you are 
looking. You would be able to point at it and speak 
to it, and the computer would communicate back 
with synthesized or recorded speech as well as text 
on its display. It would disclose its contents—its in¬ 
formation base—according to the interests you ex¬ 
hibit through your actions, and would do so at a 
speed that matches your own. 

This system would interact with its user just as 
one person would interact with another. Suppose 
you breed guinea pigs and are showing someone the 
badges and ribbons your cavies have won, which are 
displayed in your trophy room. As a good host you 
try not to dominate things but remain alert to the 
cues your guest gives off: what is he looking at, what 
does he say, what message is his “body language” 
sending? Suppose the guest, surveying a wall full of 
ribbons, asks, “What are those?” You respond: 
“Those are the ones we won over the years at the 
Westfield Fair and Exposition.” A certain trophy 


3* FtBRUARY/MARCH I98S 



The Media Room at 
M.I.T.’s Architecture Ma¬ 
chine Group laboratory 
serves as a computer ter¬ 
minal that you enter (see 
diagram). The user sits 
facing a large display 
screen on which images 
are projected from be¬ 
hind. Touch-sensitive 
color-television monitors 
are located near either 


arm of the chair, and 
eight speakers provide 
"wraparound” sound. 

In some exercises, the 
user wears glasses 
equipped with an eye¬ 
tracking device that mon¬ 
itors where on the screen 
he is looking (lower left). 
Two “position-sensing” 
devices work in concert 
to follow the user’s ges¬ 
tures. The larger cube is 
positioned near the chair, 
and the user can wear 
the smaller cube on the 
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In Put-That-There, the 
user creates, names, and 
moves objects on the dis¬ 
play screen simply by talk¬ 
ing and pointing. The 
system takes the situation 
into account so that the 
user need not repeat an 
entire command if some 
part of it is missed. The 
aim is to make people feel 
the system is doing its 
best to understand their in 


catches your guest’s eye. You take it from the shelf 
and offer it for closer inspection. Your guest reads 
the inscription and inspects the detail. Then his eyes 
turn elsewhere, a cue for you to relieve him of the 
trophy and go on to something else. Next your 
guest’s eyes range over a set of distinctive badges. 
“What are those?” he asks—the very question he 
uttered a moment before. But it has become a dif¬ 
ferent question, changed by the direction in which 
he is looking. 

Consider now that our self-disclosing computer is 
showing such a collection of items. The computer’s 
display sets the topic, just as did the real-life artifacts 
of the trophy room. The computer—like the hu¬ 
man—can determine where its guest is looking, listen 
to his speech, detect his gestures. The system can 
then zoom in upon the item or area of interest to 
discuss it. 

Such a computer can act very skillfully in deciding 
what and how much to tell about tbe subject at hand, 
again by taking its cues from the user’s eyes. There 
is evidence that the eyes reveal the pattern of an 
observer’s curiosity along very specific lines. In his 
classic eye-tracking studies in the Soviet Union dur¬ 
ing the 1960s, Alfred Yarbus asked people to ex¬ 
amine a copy of the famous nineteenth-century 


painting by Ilya Repin entitled “They Did Not Ex¬ 
pect Him.” The scene is of a young man just returned 
from political exile to the midst of his startled family. 
Before looking at the picture for three minutes, each 
observer was asked one of a number of questions: 
What are the ages of the people? What are the ma¬ 
terial circumstances of the family? What was the 
family doing before the young man arrived? The 
observers’ “looking patterns” differed markedly de¬ 
pending upon their goals as set by the question. 

Of course, the computer must be able to tell the 
difference between a protracted stare stemming from 
the fact that the viewer is puzzled by something and 
blank staring stemming from saturation. But that is 
not likely to be difficult: researchers studying eye 
movements have found that eye patterns when in¬ 
terest is saturated differ from those when curiosity 
is live. Furthermore, pupil diameter varies with ten¬ 
sion, interest, and suspense. These cues, coupled with 
what viewers say, can help a machine make reason¬ 
able inferences about when to move on. The machine 
can also gauge the effectiveness of its presentation 
by checking whether viewers look in the right places 
when it tells them about a display. If viewers fail to 
look at a relevant spot, the computer can reem¬ 
phasize or recast its explanation. 
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Technical studies are not usually 
unveiled at the Vatican. But when 
Carroll Wilson, '32, was developing 
a global audience for the 1980 report 
of the World Coal Study, a book en¬ 
titled Coal—Bridge to the Future, 
he presented copies to both Pope 
John Paul and President Carter. It 
was typical of Wilson to both value 
and have access to the support of 
world figures for the seminal ideas 
he championed. Cover photo cour¬ 
tesy of L'Osservatore Romano; 
above. Official White House Photo¬ 
graph; story, p. A4. 


, STUDENT VIEW - 
DIANA BEN-AARON 


Would You 

Send Your Daughter To 


M.I 

ould you send your daughter 
to M.I.T.?'' That's still a 
slightly different question 
from the traditional "knowing what you 
know now about the pace and pressure 
(read: 'meat grinder') of the Institute, 
would you send your child there?" For 
one thing, M.I.T.'s stereotype and pop¬ 
ulation are overwhelmingly male; 
women at M.I.T. are just a little bit hard 
for many people to imagine. 

For another, many parents are more 
protective of their female children. What 
other explanation could there be for the 
number of women who live in Mc¬ 
Cormick Hall, M.I.T.'s all-women dor¬ 
mitory? Would their parents let them 
stay at M.I.T. if they chose a coed dorm 
or independent living group instead of 
McCormick, where the doors of the 
building are locked at 1 a.m., and resi¬ 
dents are not issued keys? 

Finally, an historically male atmos¬ 
phere that is still predominantly male 
implies discrimination against women. 
Doesn't it? 

"Most of the discrimination I have 
heard of is directed at the support staff 
and graduate students, not the under¬ 
graduates," Mary Frances Wagley, '47, 
president of the Alumni Association and 
member of the M.I.T. Corporation, said 
last summer. "And I think the junior 
faculty have a pretty tough time of it. 
But what I hear from the undergradu¬ 
ates is, don't make a special case of our 
being women, just let us be students 
and do our work." 

So, How Do You Like Wellesley? 

I had to agree. Although there is still an 
occasional professor who asks if you like 
it at Wellesley, or male colleague who 
judges every woman he sees on her 
physical appeal to him, the overall at¬ 
mosphere is usually one of cooperation 
and equality. Women who do very well 
academically are not "exceptions," 
while those who have difficulty are not 
dismissed as "proof that women are no 
good at science." If I had a daughter 
who was at all interested in obtaining a 
scientific grounding in a friendly envi- 
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ronment, I would encourage her to ap¬ 
ply to M.I.T. 

The atmosphere for undergraduate 
women has not always been this sup¬ 
portive. One afternoon just before Com¬ 
mencement last June, two women 
walked into the office of The Tech. They 
came into the room in much the way I 
imagine Katharine Graham walks into 
the Washington Post. 

"1 want a retraction," said the taller 
one. "You printed on the 100th anni¬ 
versary of the newspaper that someone 
else had been the first woman editor of 
The Tech. I was the first woman editor 
of The Tech. 

"And I was features editor," said the 
other. "In 1939." 

Ida Rovno Gordon, '39 and Ruth Ber¬ 
man Pitt '39—back in Cambridge last 
spring for their 45th reunion—were the 
first women elected to the board of The 
Tech. "They wouldn't elect Ida editor," 
said Ruth. 'Those men, they just hated 
having us around at all. There had been 
one women before us at The Tech and 
then there were two of us. They thought 
if they elected her that would open the 
floodgates—and there were as I recall 
four women in the class. So they elected 
someone else editor and Ida to this as¬ 
sistant editor thing." 

"But you were the real editor?" I 
asked. 

Both women nodded vigorously. "I 
wrote outrageous editorials," Ida re¬ 
called. "Often the editor didn't know 
what they meant. The rest of the man¬ 
aging board was very conservative. I 
wrote one on the sex life of M.I.T. men— 
the double standard. [Dean Harold] 
Lobdell called ail the men from The Tech 
on the carpet—of course, he didn't think 
the girls had anything to do with it." 

Chemistry Most Hospitable 

Like Ida Rovno and Ruth Berman—and 
the plurality of pre-1960s women at 
M.I.T.—Mary Frances Wagley majored 
in chemistry. 

"The chemistry department then was 
very hospitable to women. The profes¬ 
sors were all men, but they were good 
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and kind and fair. I had been a chemical 
engineer, but they talked me out of that. 
There was a chemical engineering sum¬ 
mer camp, and I did not want to be the 
only woman at a boys' summer camp. 

. . . Also, one of my apartment-mates 
was in chemistry too. She was several 
years ahead of me, but it made it easier." 

The same widening of options that is 
now distributing women more evenly 
among the departments is causing more 
women to apply in the first place—but 
the number is nowhere near 50 percent. 
"So many women out there don't even 
consider M.I.T.; . . . they often under¬ 
estimate themselves," laments assistant 
director of admissions Marilee Jones. 

The fact that proportionately more 
women than men are admitted to M.I.T. 
from the applicant pool sparks occa¬ 
sional insinuations from men either re¬ 
jected or present that someone is (or all 
women are) admitted because of gen¬ 
der. The remark is usually accompanied 
by a quotation of the admission statistics 
for good quantitative measure. 

In fact, says Brenda Hambleton, '79, 
assistant director of admissions, a 
woman applicant has a better chance of 
getting in because she is likely to be a 
better student. It still takes more chu¬ 
tzpah for a woman to apply to M.I.T. 
than for a man. Admissions office efforts 
to encourage more women to apply to 
M.I.T. and more admitted women to at¬ 
tend—neither of which lowers or alters 
the standards of the admissions process 
itself—have increased the fjercentage of 
women from 20 percent to 25 percent 
over the last six years. This year's fresh¬ 



man class has 28.6 percent women, 308 
out of 1076 students. And if any of those 
women feels outnumbered or different, 
she should consider what it's like at 
some other technical schools. In Cal 
Tech's freshman class of almost 206, 
there are 26 women. 

Housing Not a Trivial Issue 

I tend to feel insulted by any kind of 
special treatment for women at M.I.T. 
For instance, I used to feel enraged 
about the existence of the Margaret Che¬ 
ney Room for women. Why did we need 
it? Didn't M.I.T. think we could make it 
alone? It took me a long time to realize 
that the early women students, the ones 
who paved the way for the rest of us, 
probably couldn't have. Until 1963, 
when McCormick Hall was built, all 
women had to live off-campus, at great 
inconvenience. Today, the Cheney 
Room is used principally by graduate 
students, who have more ne^ of a cam¬ 
pus refuge. They are more vulnerable to 
sexual harassment because they are 
fewer and must work so closely with 
their professors, and many of them must 
still live off-campus because of the short¬ 
age of graduate housing. 

"The housing system was very unfair 
when I was at M.I.T.," said Wagley. 
"Three of us lived in an apartment in 
Boston and after a three-hour lab we 
would have to go all the way back, go 
to a grocery store and cook dinner. We 
took turns, but it was very difficult, 
when we had all this homework to do." 

"I lived in Brookline, and then in Cen¬ 


tral Square, and then across the river," 
said Ida Rovno. "Of course, it is much 
better now," she added. Her daughter 
was among the first residents of Mc¬ 
Cormick Hall. 

Do you know what looks like the most 
difficult thing I'll have to do, asked Wag- 
ley when she began her term as presi¬ 
dent? "I have just been talking to the 
last president of the Alumni Associa¬ 
tion, Bob Mann," she said, "about the 
gold mace the president of the Alumni 
Association carries at Commencement." 
I had seen the 2-foot-high gold staff, en¬ 
graved with gears and atomic orbitals 
and surmounted by a beaver. It is some¬ 
thing that Mann, at 6'1" is better 
equipped to handle than his 5'4" suc¬ 
cessor. 

"The president has to carry it from 77 
Massachusetts Avenue to the front of 
the court. You can carry it over your 
shoulder like a pair of skis. Then you 
have to hold it up next to you (on an 
oversized golf tee) until everyone is 
seated. Dr. Mann said he could hardly 
hold it up through the 45 minutes of the 
procession and I had better get Buildings 
and Grounds to rig up a prop for me. 

"I think that will be my biggest prob¬ 
lem," said Wagley. 

I think so too. □ 
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Activist on 
the World Stage: 
Carroll Wilson Remembered 



W hen the late Carroll Wilson, '32, 
was 14 years old, his parents 
sent him to a respected prep 
school. Finding that the boys were 
preoccupied with sports and other "rot¬ 
ten" stuff, Wilson sent two or three reg¬ 
istered letters per day to his parents 
threatening to walk home to Rochester, 
N.Y., if they did not come to retrieve 
him. They did. And that may have been 
the last time anyone succeeded in forc¬ 
ing Carroll Wilson to be distracted by 
things he didn't want to do. 

That anecdote will sound perfectly in 
character to the 40 or more of his former 
colleagues who will assemble in Cam¬ 
bridge on February 2 to mark the second 
anniversary of Wilson's death. Al¬ 
though single-mindedness was a quality 
they admired in Wilson, his spiritual 
heirs will be gathering primarily to pre¬ 
serve Wilson's legacy of action on a 
global stage, his concern for the major 
problems of humanity, and his faith in 
the leadership ability of the young. 

Their annual gatherings are the most 
visible part of an effort to raise $250,000 
to support a permanent series of Carroll 
Wilson Awards. Constantine Simon¬ 
ides, '57, says the awards are expected 
to provide $3,000 to $10,000 annually to 
several individuals who present imagi¬ 
native plans for international travel, 
study, and research. 

Howard Johnson, a friend as well as 
colleague of Wilson, would like to see 
the awards go to young people whose 
proposals reflect a willingness to launch 
themselves "from a standing start" into 
a totally new intellectual frame of ref¬ 
erence—a mode of action absolutely typ¬ 
ical of Wilson. 

Linchpin for The Limits to Growth. 

Wilson, whose varied career included 
being the first general manager of the 
Atomic Energy Commission (AEC), 
joined the faculty of the Sloan School in 
1959. For more than 20 years he used 
M.I.T. as a base while demonstrating his 
skills as an initiator of meetings (both 
national and international), a link 
among policy-makers, an assembler of 


information, and a molder of world 
opinion on major issues such as energy 
supply, global climate change, and al¬ 
ternatives to nuclear arms. 

Never a traditional classroom teacher, 
Wilson involved his students and col¬ 
leagues in his world, and many of them 
say he permanently changed their lives. 

Take, for example, the book The Limits 
to Growth, published in 1972. It was 
based on a very early computer simu¬ 
lation of what would happen if world 
population, food production, industry, 
resource development, and environ¬ 
mental degradation continue to grow ex¬ 
ponentially. The book put forth the then 
unthinkable idea that growth itself 
causes problems and that it must be de¬ 
liberately limited. 

The chain of events which led to the 
book began when Carroll Wilson intro¬ 
duced Jay Forrester, S.M.'45, head of the 
System Dynamics Group at M.I.T., to 
the Club of Rome—an independent, in¬ 
ternational forum for the "great issues." 
Forrester saw that the problems of grow¬ 
ing complexity considered by the Club 
of Rome lent themselves to computer 
modeling. He produced two models and 
one of his collaborators produced a third 
on which some of Forrester's colleagues 
based The Limits to Growth. 

The book triggered a storm of contro¬ 
versy by challenging the universal as¬ 
sumption that economic growth was the 


After his 1971 Stockholm study of hu¬ 
man impact on climate, Carroll L. 
Wilson, '32, displays for the press a 
chart of rising COj concentrations in 
the air at Mauna Loa, Hawaii. 


optimum scenario for all countries in all 
times. 

Back at M.I.T., Wilson organized 
workshops, conferences, and seminars 
to explore the issues raised in this con¬ 
troversial work. One of the people who 
was inspired by the book to join Wil¬ 
son's seminar at Sloan on "Critical 
Choices for the Future" was David Gray, 
a minister who had been studying 
finance at the Harvard Business School. 
Asked four weeks into the course to 
write a paper on "How would a sus¬ 
tainable social and economic system 
work when my grandchild is as old as I 
am now," Gray, produced a "grand¬ 
child pap>er" on a sustainable financial 
system 40 years down the road. This 
was at a time, he says, when "long- 
range" planning in the financial com¬ 
munity meant looking 18 months into 
the future. 

Wilson's lesson was that unless we 
have some concept of a truly good fu¬ 
ture, we are at risk of being over¬ 
whelmed by what are essentially tran¬ 
sition problems, While "a grandchild 
paper" seemed like an almost bizarre ex- 
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ercise in the very early 1970s, Gray re¬ 
members, this is now a recognized 
technique in policy design, referred to as 
"normative scenario planning." 

As a teacher, Wilson never forgot the 
audience outside the ivyed walls. In 
1973, when asked by a Congressional 
committee to testify on the range of is¬ 
sues raised in The Limits to Growth, Wil¬ 
son wrote back to say he would be in 
Europe and unavailable, but help might 
be forthcoming from his seminar group 
in Cambridge. After some negotiation, 
members of the seminar agreed to pro¬ 
vide 10 briefing papers for 10 days of 
testimony. "In 21 days, we wrote a 
book," Gray recalls. 

"Working with Carroll Wilson was a 
life-shaping experience," Gray says. He 
and his wife, Elizabeth Dodson Gray, 
run the Bolton Institute for a Sustainable 
Future—publishing books, doing envi¬ 
ronmental projects for government and 
industry, and fulfilling a public educa¬ 
tion role. One of Gray's colleagues on 
the briefings to Congress, William Mar¬ 
tin, '74, is now the third-ranking officer 
of the National Security Council in 
Washington. Other colleagues include 
John Strongman, S.M.'77, now with the 
World Bank, and David Korten, now 
with the Ford Foundation and the 
Agency for International Development 
(AID) in Indonesia. 

Working for the Ugandans or the U.S.? 

Following his departure from the AEC, 
Wilson had a continuing leadership role 
with the Washington-based Council on 
Foreign Relations, a high-level, private 
institution which seeks to understand 
issues and influence p>olicy. Thus he was 
invited on a tour of the newly-emerging 
countries of Africa in 1959. The tour co¬ 
incided with his acceptance of a bid from 
Mr. Johnson, who was then dean, to 
join the faculty of the Sloan School and 
the timing proved to be momentous for 
many of his students at M.I.T. 

Wilson had seen in wartime the re¬ 
markable things accomplished by very 
young people thrust into positions of 
great responsibility. He saw in Africa a 


/i legacy 

action on a global scale, concern 
major problems of man, and faith in 
the leadership of the young. 


"talent vacuum" developing in the op¬ 
erational, middle management ranks of 
countries making the transition from co¬ 
lonialism to indejjendence. And then at 
M.I.T., he was pressed by his students 
for some means for independent in¬ 
volvement in an international setting. 
Wilson synthesized all that into the Af¬ 
rican Fellows Program. 

In typical Wilson fashion, he had the 
idea, located the funding, and did the 
leg work—travelling around Africa lin¬ 
ing up jobs for the Fellows. The Fellows 
were apprenticed to African leaders on 
the condition that they be given real re¬ 
sponsibility. As a result, they drafted 
law codes, negotiated national agree¬ 
ments with the World Bank, set up na¬ 
tional airlines, and generally advised 
heads of state, often on issues with 
which they had no previous experience. 

Wilson is said to have considered it 
the highest compliment to the program 
when the U.S. ambassador to Uganda 
complained that the African Fellow in 
Kampala was acting as if he were work¬ 
ing for the Ugandans. "He is," Wilson 
agreed. 

Among former African fellows, Rich¬ 
ard Pigossi, S.M.'65, is vice-president of 
the Private Investment Co. for Asia, Jak¬ 
arta; Michael Roemer, Ph.D.'68, is head 
of the Harvard Institute for International 
Development (now on a two-year as¬ 
signment in Kenya); and Carroll Brews¬ 
ter (centerpiece of an eloquently detailed 
tribute to the program by John McPhee 
in The New Yorker) is president of Hobart 
and William Smith College. Constantine 
Simonides, enlisted by Wilson to help 
manage the program, is now vice-pres¬ 
ident of M.I.T. 

The fellows program was discontin¬ 
ued in the mid-1960s, when the political 
climate in Africa became less hospitable 
to American advisors. But the 80 fellows 
(and their wives, whose talents also 
made them invaluable to African coun¬ 
tries in need of every kind of skill) were 
welded by shared experience and elab¬ 
orately orchestrated annual gatherings 
with Wilson into an enduring network 
which is the back-bone of the Wilson 
memorial activities. 


Assessments of Global Problems 

Wilson then turned to larger issues, pi¬ 
oneering a new format for studying and 
publicizing major scientific problems in 
world development. In 1970, for the first 
study, he assembled a multi-disciplinary 
group that produced, in one month, 
Man's Impact on the Global Environment. 
The study was an important catalyst of 
debate within the U.S. on the green¬ 
house effect and other major environ¬ 
mental consequences of technology, 
including the SST. The following year 
Wilson brought together 35 atmospheric 
scientists from 15 countries in Stock¬ 
holm to produce Inadvertent Climate 
Modification: Report of the Study of Man's 
Impact on Climate. 

Wilson next conceived of a process for 
engaging industrial and government 
leaders (in contrast to scientists) from 
many countries in making global as¬ 
sessments. He demonstrated the pro¬ 
cess in action during three years of 
leading a Workshop on Alternative En¬ 
ergy Strategies (WAES). His format in¬ 
volved enlisting the very top people in 
the countries with the most at stake in 
energy development (the president of 
Atlantic Richfield, for example), getting 
their commitment to meeting seven or 
eight times over the course of the study, 
requiring them to take on young "lead¬ 
ership apprentices," and getting the 
conference report, in book form, into 
bookstores in 15 countries within three 
months of the study's end. Issued in 
1977, the WAES study outlined strate¬ 
gies to counter what it foresaw as an 
inevitable oil shortage. 

Organization of the World Coal Study 
began in 1978, and that Wilson-led effort 
produced a report in 1980 entitled "Coal: 
Bridge to the Future." The essence of 
that study's conclusion was that pre¬ 
cious oil could be saved by using coal in 
ways that were environmentally sound. 

When Wilson died of leukemia in 
1982, he was ostensibly retired, but in 
fact he was fully engaged in another of 
his classic studies, this time on conven¬ 
tional weapons as an alternative to the 
nuclear threat in NATO countries. 
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UNDER THE DOMES 
CAMPUS REPORT 


Behnke Appointed 
Admissions Director 

M ichael C. Behnke, dean of un¬ 
dergraduate admissions at 
Tufts University since 1976, will 
become the new director of admissions 
at M.I.T. on May 1, 1985. 

In announcing the appointment in 
December, President Paul E. Gray, '54, 
said, 'This position is crucial to the qual¬ 
ity and the range of interests of the stu¬ 
dents who come here, and thus, to the 
quality and effectiveness of our educa¬ 
tional program, and I am delighted that 
Mr. Behnke has accepted our offer. . . . 
His enthusiasm for working with young 
people is contagious, and 1 am confident 
that he will be most successful in work¬ 
ing with our faculty to attract students 
who, as in generations past, make 
M.I.T. such a special place." 

Vice-president Constantine B. Simon¬ 
ides, '57, said that Behnke's selection 
followed an intensive national search to 
replace the retiring director, Peter H. 
Richardson, '48. Behnke was the first 
choice for the post, and was unami- 
nously recommended by a faculty/stu¬ 
dent advisory committee chaired by 
Sheila Widnall, '60, professor of aero¬ 
nautics and astronautics. 

Behnke, who is 41, received the A.B. 
cum laude in American studies at Am¬ 
herst College in 1965, and the M.A. in 
American civilization from the Univer¬ 
sity of Pennsylvania in 1970. From 1971 
to 1976, he was associate dean of ad¬ 
missions and dean of freshmen in alter¬ 
nating years at Amherst College, where 
he also taught American studies. 

Competition Heating Up 

In discussing his appointment in an in¬ 
terview, Behnke agreed that these are 
challenging times for admissions of¬ 
ficers. There are the general problems of 
a shrinking pool of 18^year-olds, and the 
decline in the math and science skills of 
high school students, he says. In addi¬ 
tion, M.I.T. faces the special challenges 
of recruiting more minority and women 
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students and nurturing a better enroll¬ 
ment balance among all its departments, 
with the spectre of limited enrollment 
ahead if other measures do not produce 
the required balance. 

M.I.T. "has an incredible advantage 
in that it is such a unique institution," 
Behnke says. But the importance of sci¬ 
ence and technology in modem life has 
led to a proliferation of college programs 
in these fields, he notes, and from 
M.I.T.'s viewpoint that sharpens the 
comp>etition for good students. 

Admission is an increasingly sophis¬ 
ticated process on every campus, 
Behnke says. The priorities are early 
contact, reinforcement, and establishing 
an institutional identity in every locality. 
He says that "most schools would envy 
M.I.T.'s network of volunteers," who 
work in just those areas. 

The Institute has not done a lot in the 
way of producing videotaj^es to be avail¬ 


able in high school guidance ofBces, and 
he wants to study that recmiting tool. 

The search advisory committee was 
looking for an admissions director who 
is "research oriented," and Behnke de¬ 
fines that in two ways. It refers first to 
accountability, Behnke says: the office 
must have the research to back up its 
strategies. And second, he sees it as 
pointing to the importance of market re¬ 
search, with which he has had consid¬ 
erable experience. For example, he notes 
that a good marketing instrument is the 
questionaire M.I.T. sends to admitted 
students to help identify prospective 
students' reactions to M.I.T. 

Behnke says that minority recruit¬ 
ment has lost the sense of urgency it 
once commanded in American higher 
education, but it is still a priority with 
him. His undergraduate experience at 
Amherst, where he took a year off to 
serve as education director for a com¬ 
munity action program, was followed by 
teaching in an Upward Bound Program 
for low-income students at the Univer¬ 
sity of Massachusetts and a two-year 
stint as a Peace Corps teacher in Sierra 
Leone. The experiences heightened his 
awareness of the needs of minority stu¬ 
dents. 

In Off Hours, a Follower of the Muse 

Behnke is a Winchester resident, where 
he serves on the board of the Winchester 
Program for a Better Chance and the 
Winchester Music School. He sings with 
the Boston Cecilia and several smaller 
vocal groups. 

Behnke views with concern the fact 
that professional marketing and con¬ 
sulting services for college admissions 
have multipled in number and aggres¬ 
siveness to the point where "I almost 
feel like an underdeveloped country sur¬ 
rounded by arms merchants." Not a day 
goes past that he doesn't get another 
marketing approach or another offer to 
redo Tufts' publications. "One told us 
we had too much text in our publica¬ 
tions, but we hope to keep attracting 
students who read," Behnke said. 

He should fit right in around here. □ 
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When television viewers share this 
moment of triumph with Brad Waller, 
'85, winner of the 1984 2.70 design 
contest, they will understand the en¬ 
thusiasm of President Paul E. Gray, 
'54. The competition will be a feature 
of the new PBS program, "Discover: 
The World of Science," at 8 p.m.. 
Weds. March 6. PBS will also launch 
this monthly science magazine on 
Weds., Feb. 6 with a segment on the 
1981 M.I.T. design competition. Con¬ 
sult your local listings to verify time 
and dates. (Photo by Donald M. Davi- 
doff, '86) 


New Endowment 
a Major Goal 

B y almost any standard, M.I.T. is 
grossly underendowed—far more 
dependent on current income than 
other major U.S. private universities. 

M.I.T.'s present endowment is about 
$6(X) million, and David S. Saxon, '41, 
chairman of the Corporation, thinks the 
deficit is about a factor of two. 

Paul E. Gray, '54, president, talks in 
units of $250 million—that much new 
endowment needed to support student 
financial aid (undergraduate financial 
aid last year required $5.9 million of 
M.I.T.'s unrestricted funds, and fellow¬ 
ship funds for graduate students are far 
too low), another $250 million to un¬ 
derwrite faculty salaries (in some de¬ 
partments faculty members have to 
assure as much as 40 percent of their 
salaries through the research grants they 
receive), and a significant fund (there is 
almost none now) to underwrite re¬ 
search and so eliminate the dependence 
on sponsors. 

This emphasis on endowment needs 


was the theme of the annual meeting of 
the Corporation Development Commit¬ 
tee late last year, at which both Saxon 
and Gray were principal speakers. They 
called it a return to fund-raising basics 
after as much as two decades in which 
most major M.I.T. fund-raising has been 
project-oriented, focussing on programs 
and buildings. 

There are still plenty of such needs, 
too. Here are some noted by Gray for 
CE)C members: 

□ $10 million to complete the curricu¬ 
lum development work associated with 
Project Athena, the new expansion of 
computers into M.I.T. programs. 

□ $40 million for a new physics build¬ 
ing, to bring that department's wide¬ 
spread activities into a single focus. 

□ Operating funds of $1 million a year 
for the new program in large-scale in¬ 
tegrated systems whose facilities are 
being completed this winter. 

□ About $1.5 million to complete a new 
$3 million design center for the Depart¬ 
ment of Mechanical Engineering. 

□ $4 to $5 million for renovations in the 
Department of Architecture. 


□ $4 million to complete funding of the 
$27 million arts and media technology 
center, now nearing completion. 

. . . Altogether a prodigious gift list 
whose fulfillment will def>end on ag¬ 
gressive future fund-raising. One such 
thrust is a new effort to secure individ¬ 
ual gifts of $1(X),000 and more. 

The Alumni Fund has a crucial role in 
these efforts, too, said Mary Frances 
Wagley, '47, president of the Alumni 
Association. Its emphasis on small gifts 
from many alumni brings M.I.T. some 
$10 million a year, and—even more im- 
p>ortant—it paves the way for major con¬ 
tributions by cultivating commitment. 

To conclude the session, CDC mem¬ 
bers presented Yaichi Ayukawa, '52, 
president of the Techno-Venture Co., 
Ltd, of Tokyo with the 1984 Marshall B. 
Dalton Award for "conspicuous and 
sustained service in the enhancing of 
M.I.T.'s financial independence." Ayu¬ 
kawa has provided "invaluable assis¬ 
tance and guidance" in M.I.T.'s efforts 
to gain support in Japan, said Saxon in 
making the presentation. □ 



For two years in a row, M.I.T. wom¬ 
en's volleyball is runner-up national 
champion in Division III of the 
NCAA. At the finals late in 1984 at 


Elmhurst (Ill.) College, the women 
dropped a heartbreaking series. Lack 
of experience, said coach Karyn Alt¬ 
man, '78. But Ken Cerino, sports pub¬ 


licity director, called the season "one 
of the all-time greatest." (Photo: Vic¬ 
tor J. Diniak, '86, from The Tech) 
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I was the progenitor of the Giant Icicle 
(and, I blush to confess, quite a few 
other capers) during my tenure at 
Tech. The original icicle was grown dur¬ 
ing the winter of 1952-53—in January, I 
think—generated from the third floor 
bathroom of Crafts, at the Memorial 
Drive end of Senior House. I was the 
only senior involved, but 1 was assisted 
by an enthusiastic crew of sophomores. 

The bathrooms in the Senior House 
had tall double-hung windows sur¬ 
mounted on the outside by a heavy 
sheet-metal comice/flashing. Because of 
the condensation on the bathroom mir¬ 
rors, we always kept the windows par¬ 
tially open at the top and bottom, 
regardless of outside temperature. The 
windows, which faced one wing of 100 
Memorial Drive, were glazed with 
frosted glass, and the bathroom lights 
were usually on all night. 

A Dormitory of Dickensian Charm 

The inspiration for the icicle occurred 
one night when I was walking in the 
back entrance of Crafts. I glanced up and 
noticed that the moisture escaping from 
the open slot at the top of the second 
floor bathroom window had frozen 
along the cornice and formed a row of 
little back-lit icicles. They looked rather 
picturesque; indeed, they lent an air of 
Dickensian charm to the otherwise se¬ 
vere lines of the dorm. I found myself 
thinking of thatched roofs, half-tim¬ 
bered cottages, steak-and-kid, etc. 
Somehow an inductive leap occurred 
from the nostalgic wish-dream (I think 
we were in the midst of finals) to the 
idea of a huge, back-lit colored icicle, a 
sort of frozen aurora borealis that would 
make the inhabitants of 100 Memorial 
Drive gape in astonishment. Tacky, per¬ 
haps, even vulgar, but nonetheless as¬ 
tonishing. 

It must have taken all of 30 seconds 
to recruit the entire third floor of Crafts 
from their homework. Before you could 
say dx/dt we were assembled in the 
bathroom, and the necessary hardware 
was appearing from those mysterious 
caches of junk in every M.I.T. closet. 


We slipped a length of rubber tubing 
over the faucet and bound it in place 
with bus wire. (Later, when the tech¬ 
nique had been proved, this set-up was 
replaced by a direct tap into the shutoff 
valve under the sink nearest the win¬ 
dow.) The tube was coupled to a short 
length of thick-walled soft gas tubing, 
which was fastened to a vertical glass 
tube resting on the floor and wired to a 
piece of heavy white drawing board be¬ 
hind it. A flexible coupler at the top of 
the sight glass led to a one centimeter 
wide brass tube several feet long, which 
was first rested on the window sill and 
later supported by a camera tripod so 
that it was free to swivel. 

We turned on the faucet and tried to 
adjust the flow rate and temperature so 
that water would drip out the end of the 
brass tube on the second-floor bathroom 
comice below, run down to the end of 
any existing icicle, and freeze at the tip. 
Too much water, or too high a temper¬ 
ature, and the drop would simply fall 
off, or even erode the existing icicle. We 
wanted minimum increase of entropy 
and maximum growth rate of ice. 

A problem occurred immediately: the 
brass tube became so cold that the water 
froze at its tip. It was soon equipped 
with a nichrome wire resistance heater 
monitored by a Heathkit VTVM. This 
proved to be a great breakthrough: we 
found that by using ordinary cold water 
and warming the delivery tube we could 
easily achieve the optimum growth rate. 
The tip of the tube was moved along the 
width of the comice to distribute the cur¬ 
tain of ice uniformly. 

For Aesthetics, We Need a Horse 
Needle 

So much for technology; now for art. 
When a thick, broad base of ice had been 
laid down over the width of the cornice, 
we collected bottles of colored inks. A 
number 18 horse needle on a 20cc 
LuerLock hypodermic syringe (don't 
ask) was inserted into the thick-walled 
tubing. (This was later improved to a 
multiple-color installation.) Injections of 
colored ink could be monitored in the 
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sight glass and adjusted to provide in¬ 
tense bands of say, royal purple, or del¬ 
icate washes of the palest mauve. A two- 
man team, one panning the drip tube 
and one controlling the color, could pro¬ 
duce striae across the ice curtain that 
would have incited Turner to envy. 

We certainly got responses from 100 
Memorial Drive. Telephone calls to Sen¬ 
ior House, notes and cards left at the 
dorm: "It's beautiful!" "What does it 
mean?" "Is it nuclear powered?" In a 
week of cold nights we grew the thing 
six feet long and the width of the win¬ 
dow. It must have weighed a couple of 
hundred pounds, and we took to walk¬ 
ing off the sidewalk in a wide arc when 
returning to the dorm. 

The weather was, of course, rotten— 
perfect for growing giant icicles. By the 
end of the week the icicle was a thing 
of beauty, a translucent polychromatic 
spectacle, to coin a phrase. Unfortu¬ 
nately the window cornice had begun to 
make ominous creaking noises in the 
night. 1 had the feeling that if we added 
a few more grams of ice the whole side 
of the dorm would be torn out. 

Still, we were loath to destroy it. Tran¬ 
sient art wasn't a big deal in 1953, and 
for a few days we vacillated between 
identification with our creation and fear 
of expulsion. One would be standing 
quietly at the urinal at three in the morn¬ 
ing and the window comice would give 
one of those creaks and every hair on 
the back of your neck would stand up 
and you would think, "OhmyGod, 
there it goes." Eventually we were saved 
by an event rarer than the achievement 
of a stable fusion plasma: the sun came 
out. In two days, the giant icicle eroded 
to a pathetic dripping fringe. One morn¬ 
ing there was a sudden sliding noise, 
and the base slipped off the comice and 
shattered into confetti-colored shards on 
the sidewalk. □ 


MARTIN GROSSER. '53, holds an S.B. 
degree in general engineering and an S.M. 
in mechanical engineering. He now combines 
writing projects with consulting. His books 
include Gossamer Odyssey: The 
Triumph of Human-Powered Flight. 


ILLUSTRATION: ELIZABETH SLOTE 


TECHNOLOGY REVIEW A9 





























_ALUMNEWS_ 

ENTERPRISE FORUM 


/ 


How to Build a Quality Company? 
Quality People (and a Little Luck) 


T he most important single factor in 
building a quality company is qual¬ 
ity people at all levels. 

There are other needs—teamwork 
and communications, well-defined 
goals, a good product that the market¬ 
place needs, effective marketing, high 
ideals, endurance, even good luck. 

But it is good people that make pos¬ 
sible all these things (except perhaps 
good luck), and "picking the best people 
is absolutely critical," said Amar G. 
Bose, '51, founding chairman of Bose 
Corp., Framingham, Mass. He spoke as 
one of the three keynote panelists at the 
M.I.T. Enterprise Forum's entrepre¬ 
neurial workshop in Cambridge last fall. 

Furthermore, said Bose, success 
breeds success: "The pride of people in 
being number one will keep you there. 
. . . There is no place for anyone who is 
content to be number two." 

How do you pick such people? 
Bose's answer: by determination and 
self-discipline. "You cannot believe you 
cannot get the best. Believe in it, and do 
it," he said. 

"Hiring someone is a little like a court¬ 
ship," warned Bose: we all too easily 
assume that weaknesses we perceive in 
the prospective spouse can be con¬ 
quered in the fullness of the partner¬ 
ship. Not so. Look for qualities of 
character—"absolutely essential"; ask 
about "the best things he/she has ever 
done." 

(Later in the day came a word of warn¬ 
ing from Aaron IGeiner, '69, vice-chair¬ 
man of Kurzweil Music Systems, Inc.: 
the hardest fjerson to hire is the director 
of marketing and sales. Such people are 
"always selling," warned Kleiner—even 
selling themselves for jobs for which 
they are not qualified.) 

What about luck? Bose admits it: his 
company's single largest increment of 
new business came through a partner¬ 
ship with General Motors to build high- 
quality stereo sound systems for top-of- 
the-line automobiles. And that deal orig¬ 
inated in a chance converstation be¬ 
tween Bose and then-President Jerome 
B. Wiesner, who at the time was a mem¬ 
ber of GM's Board of Directors. 



"A 

quality 

company is more than 
they and us. 

A sense of community 
and cooperation 
is essential.” 


Other words of wisdom from the key¬ 
note panelists: 

□ Teamwork in top management is es¬ 
sential, said Philippe Villers, S.M.'60, 
chairman of Automatix, Inc. "No one 
fjerson can take care of all the essential 
functions" even in a new small business. 
Later in the day, panelist Ralph Linsa- 
lata of Weiss, Peck, and Greer, Boston, 
warned that he "would not deal with an 
entrepreneur who controls the com¬ 
pany. I want a few other people in¬ 
volved in decision-making," said 
Linsalata, so that ideas and policies have 


had the benefit of some give-and-take 
among experts. 

□ Quality products are an "absolute re¬ 
quirement" of a quality company, said 
William P. Murphy, Jr., '48, founding 
chairman of Cordis Corp. Products must 
be represented fairly (which is the 
reason why Cordis eschews the services 
of manufacturers' representatives, in¬ 
vesting instead in its own sales force), 
and customers must feel well served by 
them. 

□ Young companies are "almost by 
definition in constant change," said Vil¬ 
lers, but "p>eople don't like to deal with 
change." That's one reason why small 
companies are so vulnerable. Even mi¬ 
nor miscalculations can cause crises, and 
in Villers' experience "one crisis a year 
is not an abnormally high rate." But if 
these crises are handled effectively, no 
one outside the company need know 
about them. And good personal rela¬ 
tions throughout the company are Vil¬ 
lers' prescription. Indeed, he said, "a 
quality company is more than they and 
us ... a sense of community and co¬ 
operation is essential." Villers himself 
runs every orientation session for new 
employees, and he's present every two 
weeks at evening discussions of corpo¬ 
rate and management issues open to all. 

The same message about the impor¬ 
tance of a "human touch" in manage¬ 
ment came at lunch from William B. 
Hewlett, S.M.'36, vice-chairman of 
Hewlett-Packard Co. As H-P grew, said 
Hewlett, the company did everything it 
could to keep its workers' sense of par¬ 
ticipation. It constantly increased the 
number of its autonomous, small units, 
and it sought managers through pro¬ 
motion. 

But finally, says Hewlett, growth 
overwhelmed that strategy, and in the 
1950s H-P realized that it would have to 
go outside to recruit some MBAs. But it 
continues to cultivate a corporate culture 
that emphasizes quality, slow growth, 
and personal commitment—including 
liberal health insurance and monthly 
profit-sharing to all employees, the 
amounts of those bonuses being irre¬ 
spective of salary. □ 
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A stellar cast of speakers combined 
with the pull of entrepreneurship 
brought a sell-out crowd to the annual 
Enterprise Forum workshop at M.I.T. 
last fall. Above, keynoter William R. 
Hewlett, S.M. '36, of Hewlett-Packard. 
Opposite, Philippe Villers of Automa- 


tix. At the top of this page, Amur G. 
Bose, '51, of Bose Corp. and consul¬ 
tants Barbara A. Plantholt, '71, with 
Russell N. Cox, '48. 


Among Enterprise Forum workshop ex¬ 
perts (top to bottom): William P. Mur¬ 
phy, Jr., '48, Cordis Corp.; Judith H. 
Obermayer, Obermayer and Associ¬ 
ates; Joanna Flint, Analog Devices; 
and Stanley R. Rich, Advanced Energy 
E)ynamics, Inc. 
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THE PHYSICS OF SPORT 
MATTHEW DEADY 


A Ph.D. From 
M.I.T. Won't Get 
You Into The 
NBA 

/ / A pply physics to sports? 

What on earth for?" Well, 
X A. being both a physicist and 
an avid sports enthusiast, 1 like to think 
that by using one's knowledge of phys¬ 
ics, a better understanding of sports per¬ 
formance and strategy might be gained. 

For starters, let's talk about basket¬ 
ball—in particular, the vexing problem 
of successful shooting. I have been play¬ 
ing basketball for more than 20 years, 
most of that spent in a vain search for a 
consistent "shooting groove." I'm will¬ 
ing to-try anything, even physics. 

Perhaps it would seem more like a 
physics problem if it were stated the way 
a student in 8.01 might encounter it. 

"Problem 1. A spherical projectile of 
diameter 9 1/2 inches is launched from 
a height h. How should it be aimed so 
that it will pass through a hoop of di¬ 
ameter 18 inches mounted a horizontal 
distance x away and ten feet above the 
ground?" 

Does that sound better? Of course, 
you can also score a basket if the ball 
bounces in off the rim or backboard, but 
this and other complications will be left 
to a later column. 

In shooting the ball, the player con¬ 
trols three things: the horizontal aim, 
the vertical launch angle, and the initial 
speed of the ball. The fact that the hoop 
is almost twice as big as the ball deter¬ 
mines the allowable variation in hori¬ 
zontal aim. But even if the hoop were 
9 1/2 inches in diameter, there would be 
a whole range of vertical-angle/initial- 
speed combinations that result in a bas¬ 
ket. For almost any vertical angle, there 
is a speed that will make the trajectory 
of the ball pass through the hoop. 

Which of these angle-sfjeeds to use is 
the question, and the key to good shoot¬ 
ing might be summed up in a single 
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1983), from which I drew many of the 
insights for this article. The conclusion 
of his analysis is that the farther away 
you are from the minimum force angle, 
the worse the effect of being a bit off in 
speed or angle will be. 

"But what is this wonderful angle?" I 
hear you ask. That actually is a fairly 
straightforward physics problem. It 
doesn't take too much thought to see 
that if the ball is launched from the same 
height as the rim, the optimal angle is 
45°. If you shoot either a low "line drive" 
trajectory, or a high-arching "rainbow" 
shot, you need to put more speed on the 
ball in order to have it reach the basket. 


iilMCn 


But how many of us shoot from ten 
feet in the air? I certainly don't. For most 
phrase: "Let the minimum force be with of us, the launch point is at a height of 
you." For a variety of reasons, the seven or eight feet. This means a slightly 
launch angle that requires the least ini- larger angle (closer to 50°) will require 
Hal speed, and thus the least force to the least force. But even a great leaper 
shoot, is the optimal angle at which to whose jump shot leaves the hand at 10 
shoot the ball. feet is ^st off shooting at 45°. 

Reason number one is that the smaller The higher you release the ball, the 
the iniHal speed of the ball, the smaller less you are trying to shoot "uphill" at 

the final speed will be. A smaller speed the basket, and the less force you have 

means a less violent bounce if the ball to shoot with. The higher release point 
hits the rim, which gives it a greater like- is part of the raHonale for shooHng jump 
lihood of dropping through the hoop. It shots (a more immediate reason is the 
is no accident that many good shooters necessity of shooting over your oppo- 
have a "soft touch" to their shots. nent). Besides their height advantage 

Reason number two is that the smaller near the basket, tall people have a nat- 
the force needed to launch a shot, the ural edge in outside shooting since they 
easier it is to get the shot off in a hurry, generally release the ball at a higher r 

During a jump shot, for instance, a quick point. Somehow that seems unfair. | 

release is essential. To pracHce your shooting, I do not 

Reason number three is more subtle, recommend you head out to the court 
I don't care how good you are, any with a protractor or a sextant. Your wrist 
shooter is going to a little off in angle can tell you which shots are requiring 
and sjjeed. But that's all right; there is the least force. This range of "easy 
a range over which these can vary and shooting" is the one you want. Of 
sHll result in a basket. (The hoop is big- course, it is not the ability to calculate 
ger than the ball, remember.) By shoot- trajectories, but rather the ability to con¬ 
ing at an angle close to the "minimum trol them that ultimately makes one a 
force angle," the shooter has the largest successful shooter. And that is just one 
allowable range of error. For a detailed of the many reasons why a certain 5'6'’ 
discussion of this point, I hearHly rec- physics grad from M.I.T. is not in the 
ommend the book Sports Science, by Pe- NBA, but a certain 6'9" educaHon major ( 
ter Brancazio (Simon and Schuster, from Indiana State is. □ 
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NEWS FROM THE DEPARTMENTS 


I 

Civil Engineering 

Plans are nearing completion for a two-day collo¬ 
quium on new directions and challenges in civil 
engineering and the construction industry at 
M.I.T, on April 19 and 20. The events will mark 
the anniversary of the department at M.I.T., and 
all alumni have been invited to attend by Profes¬ 
sor Joseph M. Sussman, Ph.D.'68, department 
head. Among the topics: the "infrastructure prob¬ 
lem," toxic waste management, the changing 
transportation environment, improving productiv¬ 
ity in the construction industry, and new issues 
in natural resources development. 

M.I.T.'s Professor Erik H. Vanmarcke, 

Ph.D.'TO, has won the 1984 Walter L. Huber Civil 
Engineering Research Prize of the American Soci¬ 
ety of Civil Engineers for his leadership in apply¬ 
ing probablistic methods in dvil engineering 
practice. . . . Cordell W. Hull, S.M.'57, who's 
had a distinguished career with Bechtel since join¬ 
ing the firm's financial services department in 
1970, has been appointed to the executive com¬ 
mittees of Bechtel's three principal operating com¬ 
panies and elected to the Bechtel Group's board 
of directors. He continues to serve as ^chtel sen¬ 
ior vice-president and chief financial officer. . . . 
John Kaufman, S.M.'Sl, recently became regis¬ 
tered as a civil engineer in California. ... As 
president of World Systems Division, Communi¬ 
cations Satellite Corp. (COMSAT) since 1983, Joel 
R. Alper, S.M.'59, is reponsible for the firm's in¬ 
ternational satellite communications and maritime 
services businesses. . . . Neil Shifrin, Ph.D.'80, is 
a partner and technical director of consulting at 
Cambridge Analytical Associates. 

Dan Saltzman, S.M.'80, writes, "I will be leav¬ 
ing the Washington, D.C., staff of Congressman 
Ron Wyden to return to Portland, Ore., in early 
1985." . . . Raymond A. Ferrera, Ph.D.'78, has 
been appointed assistant professor of dvil engi¬ 
neering at Lafayette College, Easton, Penn.; he 
has previously held a similar position at Prince¬ 
ton. . . Dario Valencia-Restrepo, S.M.'72, is aca¬ 
demic director of the Graduate Program in Water 
Resources at the Universidad National de Colom¬ 
bia, Medulun. . . . Angel Silva, S.M.'31, writes, 

"1 was promoted to assistant vice-president for 
computer services at Parsons, Brinkerhoff, Quade 
and Douglas, Inc., engineers and planners of 
New York." . . . Alan V. Trow, S.M.'84, reports, 
"1 am currently a lieutenant in the U.S. Army 
Corps of Engineers at Ft, Riley, Kans. I'm stUl 
very much the new guy on the block, but the dvil 
engineering background I received from M.I.T. 
has served me very well." 

Avinash C. Sin^al, S.M.'61, has been pro¬ 
moted to full professor at Arizona State Univer¬ 
sity (ASU), Tempe, and has been named director 
of the university's Earthquake Research Labora¬ 
tory. Singhal recently spent three months at the 
University of Melbourne, Australia, setting up an 
earthquake laboratory, while also serving as chair¬ 
man of National Sdence Foundation workshop on 
reasearch needs. . . . Alberto B. Calvo, S.M.'72, 
is manager of logistics engineering at the Analyti¬ 


cal Sdences Corp., Reading, Mass. . . . Walter R. 
Hylander, Jr., S.M.'SO, is a resident dvil engineer 
for Bechtel Corp. at the Grand Gulf Nudear Plant 
in Mississippi, which went on line in October 
1982. Hylander reports that he and his wife Jean 
own an antelbellum mansion and Christmas tree 
plantation on the Natchez Trace that are open to 
visitors and overnight guests all year. 

Three deaths have bwn reported to the Alumni 
Association, with no details available: Major Gen¬ 
eral David B. Parker, S.M.'40, of the U.S. Marine 
Corps, Washington, D.C., on March 30, 1980; and 
Gemer A. Olsen, of Scotia, N.Y., on April 26, 
1984; and Staunton L. Brown, S.M.'38. a retired 
(since 1958) colonel in the U.S. Army who was a 
resident of Madison, Conn., on Odober 8. 1984. 

II 

Mechanical Engineering 

The David Richardson Medal for significant con¬ 
tributions to technical optics came to Erwin G. 
Loewen, Sc.D.'49, from the Optical Sodety of 
America during the sodety's ^n Diego meeting 
last fall. Loewen, who is with Bausch and Lomb, 
Rochester, N.Y., was dted for contributions 
through work with conventional and holographic 
diffraction gratings. . . . The honor of fellow of 
ASME has been conferred on two alumni of the 
department: Thomas A. Mitchell, Jr., '43, senior 
research associate at the Eastman Research Labo¬ 
ratories, Kingsport, Tenn.; and Subhash K. Batra, 
S.M.'61, assodate professor of textile materials 
and management at North Carolina State Univer¬ 
sity. 

James Fleischhacker, S.M.'68, has resigned 
from AMP, Inc., where he was manager of the 
Components and Assemblies Division, to join and 
mov^ to Molex, Inc., Naperville, 111., as director 
of marketing. . . . Eric G. Newberg, Jr., S.M.'46, 
was the redpient of the National Commander's 
Annual Award as top individual in the Military 
Order of the World Wars at the national conven¬ 
tion in Dallas, Tex., in August 1984. Newberg 
was also reappointed National Membership Com¬ 
mittee chairman. . . . James E. Masiak, S.M.'73, 
received an M.B.A. from the Advanced Manage¬ 
ment Program at Michigan State University in 
June 1984. 

Paul D. Rushfeldt, Sc.D.'78, writes, "I was re¬ 
cently appointed technical representative for Tri¬ 
tech International, Perry Offshore Inc.'s 
international organization. I also hold the posi¬ 
tions of control group product line manager and 
engineering computer center department head." 

. . . David A. Ulmsiead, S.M.'66, formerly at Put¬ 
nam Management Corp., has joined the Asset 
Management Division of State Street Bank and 
Trust Co., Boston, as vice-president—chief re¬ 
search officer and head of the International De¬ 
partment. . . . Jan A. Vetrop, Sc.D.'53, has been 
promoted from chief engineer to executive vice- 
president—engineering and administration of 
Harza Engineering Co., Chicago. . . . Jean-Louis 
Gauthier, S.M.'81, is currently working in re¬ 
search and development for L'Air Liquide, mak¬ 
ers of respiratory equipment in Jouy-en-Josas, 


France. . . . Valentine Davidson, S.M.'Sl, retired 
president of Hiac/Royce Co., Menlo Park, Calif, 
passed away on July 24, 1984; no further details 
are available. 

Ill 

Materials Science and Engineering 

Add one at the top of the list to the alumni with 
principal roles in the 1984 Metals Congress in De¬ 
troit in September (November/December, page A23): 
Donald J. Blickwede, Sc.D.'48, was general chair¬ 
man of the event. 

Dwight L. Harris, Sc.D.'53, retired from Cy¬ 
prus Industrial Minerals Co., a division of Amoco 
Minerals, in March 1983; he now lives in West- 

lake Village, Calif.Richard A. Rawe, 

S.M.'58, writes, "In August I received the ASTM 


Ceramic Monolithics 

A new program to develop high-technol¬ 
ogy ceramics for use in automotive engines 
and other high-temperature, high-stress 
applications is now being organized at 
M.I.T., with a five-year funding goal of 
$750,000. 

One process, already supported under 
the program, involves blowing a mix of 
ceramic components in gaseous form 
through the beam of a laser. The laser’s 
heat causes ceramic nuclei to form—mil¬ 
lions of tiny particles of uniform compo¬ 
sition and size. The absence of impurities 
and defects—of critical importance—sug¬ 
gests that the ceramics consolidated from 
these particles will be tough and strong— 
perhaps suitable for coatings in the hottest 
parts of engine combustion chambers, for 
example. Eventually could come what 
Jack A. Ekchian of the M.I.T. Energy Lab¬ 
oratory calls “monolithics”—all-ceramic 
components such as bearings or even cyl¬ 
inder heads. 

The advantages: greater efficiency be¬ 
cause of higher operating temperatures, 
lower-cost materials, and no radiators. 

But with these gains will come a prob¬ 
lem, says Ekchian: the need for new lu¬ 
bricants, because conventional oils simply 
won’t survive at such high temperatures. 
Solids or gases may serve better, but Ek¬ 
chian thinks lubricants may turn out to be 
“one of the toughest problems.” □ 
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Micros In, CPUs Out 

After nearly 30 years of reliance on a single 
large time-shared computer—a concept 
pioneered there—the Laboratory for 
Computer Science is changing to a net¬ 
work of 30 powerful personal computers. 
The keys to this complex transition are 
“NuBus,” a special communication stan¬ 
dard developed at M.I.T. and licensed to 
Texas Instruments, Inc., and TRIX, a new 
operating system for linked microcom¬ 
puters. 

Together they are an approach to com¬ 
puter architeaure that Michael L. Der- 
touzos, director of the laboratory, calls 
“revolutionary. ... like working with a 
timesharing system, but with the conven¬ 
ience of having one’s own data base at 
hand, of being able to dedicate the ma¬ 
chine to experimental use, and of never 
having to wait in a queue.” □ 


Founders Award for the founding of Committee 
E-24 on fracture testing. On September 28 I was 
appointed McDormell Douglas Corp. Fellow in 
fracture mechanics, one of 15 corporate fellow¬ 
ships extended for outstanding technical contribu¬ 
tions since 1982." . . . William F. Hosford, Jr., 
Sc.D.'59, reports that he is professor of materials 
and metallurgical engineering at the University of 
Michigan, a title he shares with three alumni, 
Richard A. Flinn, Jr., 5c.D.'37, Edward E. 

Hucke, Sc.D.'Sl, and Robert D. Pehlke, 5c.D.'58. 
He is co-author of a text on metal forming pub¬ 
lished two years ago, and he writes, "I enjoy one 
or two wilderness canoe trips each year in North¬ 
ern Ontario." 

John R. Hutchins III, Sc.D.'59, received an 
honorary Sc.D. from Rutgers last spring and was 
elected to the Board of Trustees of Alfred Univer¬ 
sity early this winter. . . . Gray A. Miller, 

Sc.D.'60, has been appointed director of the Ma¬ 
terials Liaison Program and a research engineer at 
Lehigh University, Bethlehem, Penn. Miller was 
formerly a research engineer at Homer Research 
Laboratories of Bethelehem Steel Corp., Bethle¬ 
hem, Penn. - . . Janine J. Weins, Ph.D.'TO, has 
relocated her patent law and engineering consult¬ 
ing practice of Weins & Weins to Lebanon, N.H. 

Andrew L. Johnson, Sc.D.'43, assistant profes¬ 
sor of metallurgy at M.I.T. from 1938 to 1^45 and 
since then active as a member of its Educational 
Council, passed away on October 13, 1984. Prior 
to Johnson's retirement, he was a technical direc¬ 
tor of a glass container industry research program 
and director of the W. Keith McAfee Laboratory 
at the Universal Rundle Corp., New Castle, Penn. 

IV 

Architecture 

The automobile first changed our cities by creat¬ 
ing the low-rise strip—the "visual junkyards of 
the 1950s," says Professor Edward B. Wallace, 
M.C.P.'78, of the University of Texas (Austin) 
School of Architecture. Then came freew'ays 
whose greater access transformed strip to nr\all; 
then came the high-rise strip and finally now the 
high-rise cluster—a collection of skyscrapers con¬ 
nected only by freeways to the original high-rise 
city center that gave it birth. Such clusters are a 
preview of the American urban landscape of the 
21st century, says Wallace in the University of 
Texas' magazine Discovery. 


A national policy for low-income housing in Sri 
Lanka and then project design for a typical hous¬ 
ing development are the assigrunents of Professor 
Nabell Hamdi and Reinhard Goethert, 
M.Arch.'TO, research associate, in the department 
at M.I.T.; Hamdi heads the department's Design 
and Housing Section and Goethert works in the 
Professional Practice Program. Their work is 
sponsored by the Sri Lanka government. 

Delle R. Maxwell, S.M.'83, is producing a 3‘D 
computer-animated "anchorperson" for a 
monthly TV program at NHK Television, Tokyo. 

. . . Aron Faegre, M.Arch.'76, is now a registered 
architect, civil engineer, and landscape architect 
in private practice in Portland, Ore. Faegre's proj¬ 
ects range from a renovation plan for a YMCA 
camp to plans for a new downtown public-use 
heliport. . . . Bharat Garni, M.Arch.'79, has left 
Iowa State University to join Scwhinn and Associ¬ 
ates, Architects, Bethesda, Md. . . . Kenneth L. 
Kantor, S.M.'79, has been appointed to the new 
position of director of advanced development and 
research for Teledyne Acoustic Research, Nor¬ 
wood, Mass., responsible for directing TAR's re¬ 
search and development activities worldwide. 

Elizabeth Cordoliani, S.M.'83, an architect at 
I.M. Pei and Partners, is working in Paris on the 
firm's contract for extension of the Louvre. . . . 
Charles W. Bardley III, S.M.'83, is working for 
Stull & Lee, an architectural firm, Boston. . . . 
Craig A. Whitaker, M.Arch.'83, has started a con¬ 
struction business in Cambridge (Whitaker-Reisen 
Construction Corp.) with another Course IV grad¬ 
uate Hank Reisen, M.Arch.'83. The firm special¬ 
izes in residental and commercial design, 
construction, and project management. . . . James 
W. Burch, M.Arch.'53, an archiect practicing in 
Annapolis, Md., passed away on April 10, 1984; 
no details are available. 

V 

Chemistry 

A Short Introduction to Astronomy is the title of a 
new work by Professor Emeritus Lewis Harris, 

'20 (New York: Vantage Press, $12.95), published 
late last year. Harris, who retired in 19M after a 
36-year career as a member of the department, 
now lives in Weston, Mass. . . . Two new assign¬ 
ments at M.I.T.'s George R. Harrison Spectros¬ 
copy Laboratory: Jeffrey I. Steinfield, '62, 
professor of chemistry, is now assistant director 
for scientific coordination, and Ramachandara R. 
Dasari, who joined the laboratory in 1980 from 
the Indian Institute of Technology at Kanpur, is 
assistant director for project coordination. 

John E. Sheats, Ph.D.'66, is currently on sab¬ 
batical from Rider College pursuing research on 
the process of oxygen evaluation in photosyn¬ 
thesis at Princeton University. . . . Daniel Reger, 
Ph.D.'72, has been promoted to full professor of 
chemistry at the University of South Carolina. Re¬ 
ger is the author of more than 40 research papers 
in his specialty area of inorganic chemistry and is 
co-author of two freshman college texts. . . . Rob¬ 
ert W. Gleason, Ph.D.'60, professor of chemistry 
and dean of sciences at Middlebury College, Vt., 
has been appointed to fill the new post of dean of 
the faculty. He's completed 24 years of service on 
the Middlebury faculty. 

VI 

Electrical Engineering 
and Computer Science 

Paul R. Drouilhet, Jr., E.E.'57, who joined Lin¬ 
coln Laboratory in 1959 to work in air-ground 
communications, has been named assistant direc¬ 
tor of the laboratory. Drouilhet's activities moved 
to the field of air traffic control in the 1970s, and 
he has most recently headed Lincoln's Surveil¬ 
lance and Control Division. 


Dean F. Peterson III, Ph.D.'71, of Steinbrecher 
Corp. was the speaker late last on systems of 
millimeter-wave power generation for communi¬ 
cations applications for the Microwave Theory 
and Techniques Chapter of the Boston Section, 
IEEE. Peterson first worked in the field at Lincoln 
Laboratoiy and then for seven years as a member 
of the electrical and computer engineering faculty 
at the University of Michigan before taking his 
present job last year. 

Raymond S. Stata, '57, president of Analog De¬ 
vices, Inc., has rejoined his two authors from an 
earlier book. Global Stakes, James Botkin and Dan 
Dimancescu, in The Inrujvators: Rediscovering Ameri¬ 
ca's Creative Energy (Harper and Row, 1984, 
$16.95). The new work includes a series of case 
studies of companies and regional innovation in¬ 
centives, stressing that—given the scope and 
complexity of modem technology—many people 
and elements of the political and industrial envi¬ 
ronment must come together to make possible 
successful entrepreneurship innovations. David 
Warsh in the Boston Globe calls the book "a savvy 
tour d'horizon of high-tech developments." 

Lynne Ann Molter, a doctoral candidate in the 
department at M.I.T., was honored by the Optical 
Sodety of America last fall with its Newport Re¬ 
search Award for the quality of her thesis re¬ 
search into multiple waveguide lens theory. 

"Vintage prints" by Harold E. Edgerton, '27, 
were exhibited at the Pace/Macgill Gallery in New 
York for six weeks at the end of 1984. Meanwhile, 
Edgerton was among the most popular lecturers 
on the campus—speaking early in the fall on Stone¬ 
henge and at the end of the term on the history 
of strobe photography. A color videotape of many 
of his works—underwater time-lapse photogra¬ 
phy, high-speed motion pictures of milk drops, 
and many other photographic subjects—has now 
been completed under the auspices of the Alumni 
Association, and copies in half-inch VHS format 
are available from the Association at $20. 

William R. Hewlett, S.M.'36, co-founder and 
vice-chairman of the board of Hewlett-Packard 
Co., received the Illinois Institute of Technology's 
Herald Award last fall. Hewlett was recognized 
for his "outstanding dedication and service to hu¬ 
man progress." ... He has "unsparingly given of 
his time, thought, and effort to activities directed 
to the public good." . . . Roger R. Schell, 
Ph.D.'71, has recently joined Gemini Computer, 
Inc., Carmel, Calif., as vice-president for engi¬ 
neering. . . . Louis Weinberg, Sc.D.'51, reports, 

"I have decided it's about time to finish my book 
on graphs and matroids before every other pro¬ 
fessor does." He is professor of electrical engi¬ 
neering at the College of the City of New York, 
CUNY. . . Dean H. Vanderbilt, Ph.D.'70, is cur¬ 
rently vice-president of product development for 
Fox and Jacobs, Inc. (homebuilders), and an 
elected member of the Dallas City Council. 

"It's a major breakthrough. There is nothing 
else on the market that can emulate a $50,000 
workstation for such a low price." The speaker is 
Arthur Crooke, S.M.'57, of Concord, Mass., 
who's describing his new Logic [Resign Processor. 
It's a computer-aided design program especially 
planned for the manufacture of digital systems, 
Crooke says. 

Lewis D. Collins, Sc.D.'68, is employed as a 
hardware engineering specialist in the research 
and development operations of Wang Laborato¬ 
ries, Inc., Lowell, Mass. . . . Amos E. Joel, Jr., 
S.M.'40, a switching consultant at AT&T Bell Lab¬ 
oratories, Short Hills, N.J., has been awarded the 
1984 Columbian Medal from the city of Genoa, 
Italy. Joel was cited for his work in "telecommun¬ 
ications switching and for his role in the study 
and planning of the world's first system using 
stored program control." 

Arthur C. Nisula, S.M.'46, a retired electrical 
engineer, passed away on September 3, 1984, in 
Duxbury, Mass. Nisula was a lieutenant in the 
U.S. Navy Bureau of Ordnance during World 
War II and a member of the Massachusetts Soci¬ 
ety of Professional Engineers. . . . Robert Ken¬ 
neth BuUington, S.M.'37, of Colts Neck, N.J., 
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passed away on May 30, 1984; no details are 
available. 

VI-A Program 

Monday and Tuesday of Thanksgiving week the 
department hosted the biannual meeting of its 
Visiting Committee. These leaders from academia 
and industry in the field of electrical engineering 
and computer science review, with faculty and 
student input, how Course VI is functioning. Of 
the 21 members five are VI-A graduates, namely: 
John G. Linviil, '43, professor of electrical engi¬ 
neering and co-director of the Center for Inte¬ 
grated Systems at Stanford University; Lawrence 
G. Roberts, '59, president of DHL Corp., San Ma¬ 
teo, Calif.; Raymond S. Stata, '57, president of 
Analog Devices, Norwood, Mass.; William R. 
Thurston, '44, president of GenRad, Concord, 
Mass.; and Andrew J. Viterbi, '56, president of 
M/A-COM Linkabit, Inc., San Diego. 

This year's officers of the M.I.T. Tau Beta Pi 
Chapter include two VI-A students: Elizabeth C. 
PATTERSON '85 is Vice President and Kathleen 
A. WIENHOLD '85 is Corresponding Secretary. 

As a major project, the Chapter is again raising 
funds to sponsor free student admission to Bos¬ 
ton's Museum of Science. 

So far, Christmas greetings have been received 
from: Geoffrey J. BUNZA '74, GenRad, Scotts¬ 
dale, AZ; John F. COOPER '74, Dolby Labs., San 
Francisco, CA; E. Thomas CRAIG '81, ROLM 
Corp., Santa Qara, CA; Edward C. GIAIMO '74, 
Zetron, Bellevue, WA; Grace LEE '83, Rutgers 
Medical School, NJ; and James A. LUTZ '84, cur¬ 
rently on Vl-A Assignment at Sentry/Schlumber- 
ger, ATE, San Jose, CA. 

At the first business meeting the question of 
the department's inabilty to expand VI-A was 
raised and discussed. A number of VI-A under¬ 
graduate and graduate students were among 
groups appearing before the committee. 

The honor of a Rhodes Scholarship has come to 
one of our current graduate students, Mark C. 
Jennings, '84. It was awarded by the board of Na¬ 
tal, South Africa. Mark expects to receive his S.B. 
and S.M. degrees in June 1985 and hopes to at¬ 
tend Oxford University this coming fall. We wish 
him much success! 

This award led to our wondering how many 
other VI-A's, in years past, have been Rhodes 
Scholars. Inquiries brought forth four names; Ver¬ 
non G. Lippitt, '38; J. Ross MacDonald, '44, Vin¬ 
cent L. McKusick, '47, and Eugene B. Skolnik- 
off, '50. It would be nice to have a complete list 
on file, so we request that you write if you know 
of others. 

Among three M.I.T. winners of scholarships 
from the National Society of Women Engineers is 
Gaile G. Gordon, '85. This is the first time M.I.T. 
students have won so many scholarships in the 
SWE national competition. 

Effective January 1, 1985, Paul R. Drouilhet, 

Jr., '54 became assistant director of Lincoln Labo¬ 
ratory; Paul has been a member of the technical 
staff at Lincoln Laboratory since 1959. . . . An¬ 
other Lincoln appointment, made last fall, is Vin¬ 
cent W. S. Chan, '71, to leader of the Optical 
Communications Technology Group. This group 
is involved in coordinating research and develop¬ 
ment of space optical communication systems. 

VI-A's astronaut, William B. Lenoir, '61, has 
recently left NASA and joined the international 
mariagement and consulting firm of Booz, Allen 
and Hamilton, Inc. as a principal in the com¬ 
pany's space-systems practice in Arlington, Va. 

... A late October letter tells us that Vincent H. 
Tobkin, '73, has gone into venture capital with 
Sierra Ventures of Menlo Park, Calif., following 
eight years in San Franciso with McKinsey and 
Co. 

A chance visit to the Placement Office in No¬ 
vember brought a meeting with Johnny Low, '78, 
who was interviewing for his company, MITRE 
Corp. . . . Also interviewing for his company, 
Eastman Kodak Research Laboratories, Physics 
Division, was Kenneth A. Parulski, '79, who 
came by for a Vl-A visit November 1. 


Here on a business visit representing Bell Com¬ 
munications Research (Bellcore) to discuss the 
possibility of their joining the VI-A Program (as 
part of the AT&T divestiture of Bell Labs) was 
Chester M. Day, Jr., '58. Chet's father ('28) grad¬ 
uated from VI-A and Chet Jr.'s son, Stephen M., 
is a sophomore in Course VI and hopes to apply 
for VI-A this spring. 

In mid-October, Gary K. Montress, '69, joined 
the Raytheon Company's Research Division, Lex¬ 
ington, Mass. Gary did his VI-A work at Ray¬ 
theon and upon graduation was employed at the 
Research Center of United Technoloiges, Inc., 
Hartford, where he worked before moving to 
Raytheon. Gary and wife Sally keep in regular 
touch with the VI-A Office. 

Other Vl-A visitors signing our guest book in¬ 
cluded: David T. Chan, '83, with VTI, Burlington, 
Mass.; Dean R. Collins, '58, with Texas Instru¬ 
ments in Dallas; Daniel G. Jablonski, '76, with 
the Naval Surface Weapons Center, White Oak 
Laboratory, Md.; Joshua L. Koslov, '79, with 
RCA Laboratory, Princeton; and Michael H. 
Landmeier, '84, with Megatest, San Jose, Calif.— 
John A. Tucker, Director, VI-A Program, M.I.T., 
Room 38-473, Cambridge, MA 02139 

VII 

Biology 

Mary Lou Pardue, professor of biology at M.I.T., 
is one of three new members (four years) of the 
National Advisory General Medical Sciences 
Council. The council, made up leaders in biologi¬ 
cal and medical sciences education, health care, 
and public affairs, reviews applications for re¬ 
search and training grants. Dr. Pardue's research 
is on the structure and function of chromosomes 
and gene activity during development; she is a 
past president of the Genetics Society of America 
and president-elect of the American Society of 
Cell Biologists. 

Up to $600,(X)0 for predoctoral fellowships in 
the department at M.I.T. is likely to come during 
the next seven years from the Lucille P. Markey 
Charitable Trust; already $360,0(X) has been com¬ 
mitted for three classes of students beginning 
with the current academic year. The late Ms. Mar- 
key was the owner of Calumet Farm, the world- 
famous Kentucky racing stables, and she left the 
bulk of her estate in a trust to be used for basic 
medical research. 

Clemens E. Prokesch, S.M.'45, writes, "I am in 
fuU practice of internal medicine in New London, 
Conn. I have also been president of the Thames 
Stamp Club here for 25 consecutive years and am 
in my second year as vice-president of the Ger¬ 
man Society of Eastern Connecticut." . . . Tom 
Berman, Ph.D.'64, is research professor at Kin- 
neret Limnological Laboratory and the Israel 
Oceanographic Institute, Haifa, studying micro¬ 
plankton ecology in marine and fresh waters. 

X 

Chemical Engineering 

Funding is now being sought for a $150,000 an¬ 
nual lectureship honoring Professor Emeritus 
Hoyt C. Hottel, '24, who has been an active 
member of the department's faculty since com¬ 
pleting his master's degree. Former students pro¬ 
posing the tribute say Hottel "has inspired 
students for over 60 years by his constant probing 
for innovative solutions to practical problems and 
his uncompromising search for excellence. As a 
teacher," they write, "he posed problems that 
pushed students to their limits and beyond." 

A new round of public attention came to Jennie 
R. Patrick, Sc.D.'79, as the first black woman to 
receive a doctorate in chemical engineering in the 
U.S., late last fall when CIBA^GEIGY presented a 
portrait of Patrick to her alma mater, Tuskegee In¬ 
stitute. Patrick was named in ClBAGJElGY's "ex¬ 


ceptional black scientist" series last year. She now 
works at the Philip Morris Research Center, Rich¬ 
mond, Va. In addition to this scientific work, 
however, Patrick is devoting substantial effort to 
improving educational opportunities for minority 
youth and women and encouraging such students 
to pursue scientific careers. 

Dominick Sama, Sc.D.'54, has been promoted 
to full professor in the College of Engineering at 
the University of Lowell, Mass. . . . Dennis Re- 
velotis, S.M.'58, former executive vice-president 
has been promoted to president at M/A-Com, 

Inc., Burlington, Mass., responsible for long- 
range planning, strategy, and financial perform¬ 
ance. . . . Henry Rockwood, '32, writes, "In the 
spring of 1983 Ann and 1 visited Japan, Taiwan, 
jjong Kong, Canton, Bangkok, Penang, and Sin¬ 
gapore, and loved it all. In the summer of 1984, 
we visited Moscow, Leningrad, and Baku on the 
Caspian Sea and took a 10-day cruise from Ros- 
tov-on-the-Don to Kazan on the Volga via Ulynov 
and Volgograd. A magnificant trip worth repeat¬ 
ing." 

Two alumni with major responsibilities as presi¬ 
dent and vice-president respecrively, of Research 
Industries, Inc., Alexandria, Va., have joined the 
board of Halifax Engineering, Inc., Alexandria: 
Arch C. Scurlock, Ph.D.'43, and John H. Grover, 
S.M.'43; Scurlock-is serving as chairman of Hali¬ 
fax's board. . . . Robert J. Richardson, Sc.D.'54, 
who is president and director of Bell Canada En¬ 
terprises, Inc., has been elected director of the 
New York Life Insurance Co. . . . Bayard T. Sto¬ 
rey, S.M.'55, is professor of reproductive biology 
and physiology in the Department of Obstetrics 
and Gynecology at the University of Pennsylvania 
School of Medicine. 
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The tall buildings of City Place linked 
to the original city center of Dallas by 
expressway are typical of what Profes¬ 
sor Edward B. Wallace, M.C.P.'JS, of 


XI 

Urban Studies and Planning 

Alan Sager, Ph,D.'79, writes, "I've been ap¬ 
pointed an associate professor at Boston Urriver- 
sify School of Public Health and elected to head 
the Pubbc Hospital Caucus of the American Pub¬ 
lic Health Association." ... Tomasz Sudra, 
Ph.D.'72, is officer in charge of training at the 
United Nations Center for Human Settlements 
(HABITAT), Nairobi, Kenya. . . . Jeffrey Davison, 
M.C.P.'83, has been appointed to the Massachu¬ 
setts Technology Development Corp., Boston, a 
public agency providing venture capital financing 
to early-stage technology-based companies in the 
state. . . . Philip Shapira, M.C.P.'79, is complet¬ 
ing his doctoral dissertation on industrial restruc¬ 
turing in California at the University of California, 
Berkeley. 

XII 

Earth, Atmospheric, 
and Planetary Sciences 

Edward C. Monahan, Ph.D.'66, has added a sec¬ 
ond doctorate to his pedigree—an Sc.D. in July 
1984 by the National University of Ireland, based 
on 30 articles he lodged with N.U.I. in 1983. . . . 
Tamara A.S. Ledley, Ph.D.'83, writes, "Currently 
I am a research associate in the Department of 
Space Physics and astronomy at Rice University, 
Houston. My research focuses on climate change 
as it is affected by and reflected in sea ice and ice 
sheet variations. This includes examining the ef¬ 
fect that smoke produced in a nuclear war may 
have on sea ice and thus on climate." . . . Wil¬ 
liam H. Haggard, II, '42, is president of Climato¬ 
logical Consulting Corp., which provides 
meteorological investigations and expert testi¬ 
mony for attorneys in litigation where weather 
was a factor. 

Peter R. Tatro, Ph.D.'66, is a corporate vice- 


the University of Texas (Austin) School 
of Architecture calls a high-rise cluster. 
He says this will be the typical urban 
landscape of the 21st century. 


president with Science Applications International 
Corp., McLean, Va. . . . John R. Seesholtz, 
Ph.D.'68, is a Navy oceanographer stationed at 
the Naval Observatory, Washington, D.C. . , . 
Gilbert D. Brinkerhoff, reports, "Shortly after re¬ 
ceiving my S.M in meteorology, I enrolled in the 
George Washington University Schcwl of Medi¬ 
cine. I am presently in the private pir -tice of der¬ 
matology on Cape Cod, Mass." 

XIII 

Ocean Engineering 

The 1984 Ship Structure Symposium was dedi¬ 
cated to Professor J. Harvey Evans for his excep- 
bonal service to the maritime industry during a 
long and successful career. The symposium was 
sponsored by the Ship Structure Committee of 
the Society of Naval Architects and Marine Engi¬ 
neers. . . . Captain Bruce C. Skinner, Nav.E.'65, 
was appointed head of the Department of Engi¬ 
neering at the U.S. Coast Gua^ Academy in June 
1984. . . . Lieutenant Commander William M. 
Shepherd, Ocean E.'78, a sea-air-land officer 
(Navy SEAL), is the first non-aviation navy per¬ 
son selected by the National Aeronautics and 
Space Administration for astronaut training. 
Shepherd commanded Special Boat Unit 20 in 
Special Warfare Group Two, Naval Amphibious 
Base, Norfolk, Va., before reporting last July to 
the Lyndon B. Johnson Space Center, Houston, 
for training as an astronaut mission specialist. It 
could be three to four years before Shepherd 
makes his first shuttle flight, but he says he feels 
fortunate to be a part of the space program. 

Commander John C. Scalzo, Ocean E.'73, is on 
the staff of the Commander, Naval Air Force At¬ 
lantic Fleet, Norfolk, Va., responsible for aircraft 
carrier maintenance. . . . George A. Uberti, 
S.M.'54, program manager at National Steel and 
Shipbuilding, San Diego, was recently honored 
by election as honorary vice-president for life of 
the Society of Naval Ajchitects and Marine Engi¬ 
neers. . . . Lieutenant Commander John N. Ed- 


kins. Ocean E.'80, is a Canadian Navy exchange 
officer working at the David Taylor Naval Ship 
Research and Development Center, where he is 
the development manager for the Advanced Sur¬ 
face Ship Evaluation Tool (ASSET), a major U.S. 
Navy ship design and evaluation computer pro¬ 
gram. . . . Vernon C. Honsinger, Nav.E.'62, 
writes, "I recently moved to the position of direc¬ 
tor of contract administration at Robert E. Dereck- 
tor of Rhode Island, Inc., a shipbuilding and 
repair yard located in Newport." 

Commander Robert A. fiiaeder, S.M.'Tl, is sub¬ 
marine officer assigned to the U.S.S. Henry L. 
Stimson. . . . Richard K. Anderson, S.M.'36, 
writes, am making a fairly good recovery from 
a cancer operation last January." . . . Eugene G. 
Verrett, S.M.'bO, reports, "I am now the manager 
of the Engineering Department of the SSSRC 
Royal Saudi Naval Forces in Kanb, Jubail.—Patri¬ 
cia A. LeBlimc-Gedney, Administrative Officer, 
Course XIII, Room 5-228A, M.I.T., Cambridge, 
MA 02139 

XV 

Management 

Patrick D. Centanni, S.M.'81, has left Research 
Planning, Inc., Cambridge, to become assistant 
vice-president and manager of market information 
at the State Street Bank, Boston. . . . Carl P. Leh- 
ner, S.M.'80, writes, "Sandra and I had our first 
son, Myril Hans, on August 25, 1984, and we're 
now learning the joys of parenthood. I had a 
great trip to China in the spring to climb Xixa- 
pangma—the 13th highest peak in the world. We 
got six to the summit (26,400 ft.), and 1 got to 
U,0(X) ft.". . . Michael Kasinkas, S.M.'82, was an 
unsuccesful candidate for the Minnesota House of 
Representatives last November. . . .Jay Petschek, 
S.M.'82, has recently joined Laderburg, Thalman 
& Co., to do both corporate finance and securities 
research. . . . Nathan E. Jones, S.M.'TB, is a 
stockbroker with Merrill Lynch, San Diego, Calif. 

. . . Curt P. Kohiberg, writes, "I have bwn ap¬ 
pointed financial services specialist with Epsilon, 
the largest computer-based direct marketing firm, 
in Bur&igton, Mass." . . . Kathryn E. Hoff-Patri- 
nos, S.M.'80, writes, "I am enjoying my law prac¬ 
tice at Milbank, Tweed, Hadley and McCloy, 
Washington, D.C." . . . Victoria M. Johnson, 

S.M.'82, recently joined Milestone Associates, a 
growing real estate management firm, as a 
financial manager. 

Susan K. Sudman, S.M.'75, formerly vice-presi¬ 
dent of consulting services for Amherst Associ¬ 
ates, Inc., Chicago, has been appointed practice 
director—health care management consulting in 
Peat Marwick's St. Louis, Mo., office. . . . Lynton 
B. Manssen, S.M.'82, is manager of the Applica¬ 
tions Software Division of Ad^son Wesley Pub¬ 
lishing Co., Reading, Mass. 

Senior Executives 

Keith J. Martin, '68, retired last October after 38 
years of service in England, the United States, 
and overseas with companies of the Royal/Dutch 
Shell Group. . . . Andrew C. Knowles III, '76, 
has been appointed to the newly created position 
of corporate vice-president of Prime Computer, 
Natick, Mass., to focus primarily on new ven¬ 
tures. Knowles previously was president and 
chief executive officer of Lexidata Corp., Billerica, 
Mass. 

Management of technology Program 

Bruce D. Gobtoff, S.M/84r has been given new 
responsibility in the Gaithersburg Division of 
IBM, where he is now manager of the Wideband 
Product Development organization. He writes he 
has been doing a lot of traveling to Santa Barbara 
and Raleigh in relation to his work. . . . Moises J. 
Goldman, S.M.'84, was in Boston for two weeks 
in November while his son Joshua underwent 
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corrective heart surgery. He saw Erik Chaum, 
S.M.'84, whiie here and was updated on the 
progress of Erik's company—10 Point Systems, 
Inc. . . . John A. Harrison, S.M.'82, and his wife 
Bonnie write that the new addition to their house 
is coming along. It seems John is doing all the 
work himself, and the addition is bigger than the 
original house! 

Wesley R. Robinson, S.M.'84, wrote in CXrto- 
ber: "I am quite nicely settled into my new job in 
Greece. I like the area and the job and have no 
desire to leave." He hopes to do some traveling 
to Vienna soon and to look up Professor Tom Lee 
who is there in his new position with IIASA. . . . 
Dennis Shea, S.M.'84, has been named project 
manager at the Center for Naval Analyses report¬ 
ing to the vice-president of operations. He says 
he is responsible for directing the research efforts 
of six analysts and is already using what he 
learned at M.l.T. to help him manage profession¬ 
als in a consulting environment. He and the fam¬ 
ily have moved from his previous home in 
Virginia Beach to a new house in Burke, Va. . . . 
Shjang-zhi Wu, S.M.'84, moved to the Washing¬ 
ton, D.C., area in the middle of December to take 
on his new position as a young professional with 
the World B^k, where he is working on a manu¬ 
facturing project for the People's Republic of 
China.—^Jane Morse, Program Manager, M.l.T., 
Room E52-125, Cambridge, MA 02139 

XVI 

Aeronautics and Astronautics 

Dennis Mathaisel, Ph.D.'Sl, has been appointed 
assistant professor in the Management ^ence Di¬ 
vision at Babson College, Wellesley, Mass. For¬ 
merly, Mathaisel was a teaching assistant and 
more recently research associate and lecturer at 
M.l.T. Mathaisel was also the founding director 
of an M.l.T.-industry cooperative research pro¬ 
gram—a consortium of nine international compa¬ 
nies and institutions—supporting studies in 
modeling air transportation systems. . . . Jeffrey 

R. Kurland, S.M.'TO, is vice-president for the Te¬ 
lecommunications Systems Division at the First 
National Bank of Maryland. . . . Henry F. Lloyd, 

S. M.'46, writes, "After 30 years in the Lf.S. Navy, 
still a college administrator at Flagler College, St. 
Augustine, Fla., with no plans for retirement as 
yet." 

Ralph E. Ekstrom, S.M.'56, has been appointed 
chairman of the Engineering Mechanics Depart¬ 
ment at the University of Nebraska. 

XVIII 

Mathematics 

As president of the Institute for Mathematics and 
Society of the Society for Industrial and Applied 
Mathematics (SIAM), Donald L. Thomsen, )r., 
Ph.D.'47, has a major role in a new $716,000 
study of acid rain for the Environmental Protec¬ 
tion Agency, The goal: new mathematical and sta¬ 
tistical ways to detect and evaluate add rain 
impacts and trends. Research under the program 
will be conducted at Rand Corp., Stanford, and 
the University of British Columbia; it’s the fifth 
major study of environmental pollution con¬ 
ducted by SIMS for the EPA. 

Two alumni have recently been appointed to 
new faculty positions at Lehigh University, Beth¬ 
lehem, Perm,: 

□ Bennett Eisenberg, Ph.D,'68, has been pro¬ 
moted to full professor of mathematics. Eisen¬ 
berg, a faculty member since 1972, formerly was 
an instructor at Cornell Uruversity and a visiting 
assistant professor at the University of New Mex¬ 
ico. 

□ David L. Johnson, Ph.D.'71, has been ap¬ 
pointed assodate professor of mathematics. John¬ 
son was formerly an associate professor at Texas 
A&M; he spedalizes in differential geometry and 
algebraic geometry. 


Joseph J. Buff, S.M.'77, has joined the Fixed 
Income Analytical Research Group at Morgan 
Stanley and Co., New York. 

XXII 

Nuclear Engineering 

Richard K. Lester, Ph.D.'79, associate professor 
of nuclear engineering, is now in the first year of 
a two-year appointment to M.I.T.'s Atlantic Rich¬ 
field Career Envelopment Professorship in Energy 
Studies. His work under the professorship deals 
with the relationship between industrial structure 
and technological performance in the electric 
power sector. 

A. Halim Kazi, Ph.D.'61, is chief investigator at 
the Dulse Radiation Directorate, Combat Systems 
Test Activity, Aberdeen Proving Ground, Mary¬ 
land, where he is involved in a wide variety of ra¬ 
diation test programs for the U.S. and NATO 
allies. 

Lieutenant Commander Mark J. Harper, 

U.S.N., S.M.'76, is serving as engineer officer 
aboard the L/SS Philadelphia (SSN690), nuclear- 
powered fast attack submarine. . . . Hamid A. 
Rafizadeh, Ph.D.'70, writes, "I am currently as¬ 
sistant treasurer of the Dayton Power and Light 
Co. Prior to that I held the positions of manager 
of financial operations and manager of engineer¬ 
ing. From a nuclear engineering prospective, I am 
involved with Zimmer Station, which is being 
converted from a nuclear to coal-fired plant.” . . . 
James K. Liming, S.M.'83, is an engineering con¬ 
sultant with Pickard, Lowe, and Gamick, Inc., 
performing risk, reliability, availability, and main¬ 
tainability analyses. 

Technology and Policy Program 

Jean Bernard Caen, S.M.'Sl, has recently been 
appointed marketing manager of the French sub¬ 
sidiary of Comshake, Inc., a computer software 
firm. . . . Tom Sofyanos, S.M.'80, has been trans¬ 
ferred to New York City to act as U.S. representa¬ 
tive of Det Norske Veritas of Oslo, Norway. . . . 
Bob Chen, S.M.'82, spent the past summer as a 
consultant with the National Academy of Sci¬ 
ences, where he worked on the International 
Geosphere/Biosphere Program and on a climate- 
relat^ data committee. 

Paul L. Chemick, S.M.'74, told the Maine Of¬ 
fice of the Public Advocate last fall that the Sea- 
brook nuclear reactor, of which the Central Maine 
Power Co. is part owner, "is unlikely ever to pay 
back the initial investment, even without consid¬ 
ering the time value of money." Mr. Chemick's 
analysis suggests that Seabrook power will not be 
cheaper than power from oil-fired boilers at least 
until 2006, and he concludes according to the Cen¬ 
tral Maine Morning Sentinal that New England 
electricity consumers "have very little to gain 
from completing the plant and enormous poten¬ 
tial losses." Chemick is associated with the con¬ 
sulting firm of Analysis and Inference, Inc., of 
Boston.—Richard de Neufville, Chairman, Tech¬ 
nology and Policy Program, M.l.T., Room 1-138, 
Cambridge, MA 02139 

Program in Science, 

Technology and Society 

Can automation, microelectronics, and other 
fruits of high technology render obsolete such im¬ 
ages of industry as the assembly line, giant con¬ 
glomerates, and mass production? That "new 
industrial order" isn't assured, but it is a goal 
worth reaching for, write Professors Michael J. 
Piore and Charles F. Sabel in an important new 
book— The Second Industrial Divide: Possibilities for 
Prosperity published last fall by Basic Books 
($12.95). Piore is an economist, Sabel a political 
scientist; both are affiliated with the Program in 
Science, Technology, and Society at M.l.T. and 
both hold coveted MacArthur Prize Fellowships. 


KenRosett 

Associates 

L Kannath Roaatt '42 


Product aiKl market 
consulting In 

Industrial fibars, 
coatad/laminatad 
matarials, fabrics and 
rainforcad plastics. 


Writs for our 
brochura. 


191 Albamarla Road 

Whita Plains, N.Y. 10605 


(914) 949-5946 



Inleiledi 

• 

n^meeni^ 

Associates,lnc 

Hardware/Software 

• Communications 

Research A 

and Networking 

Development 

• Distributed 


Processor 

• Real Time Micro 

Designs 

Processor Based 

• Simulations 

Designs 


• Data Acquisition 

Experienced with most 

and Signal 

micros, minis. 

Processing 

languages and 

• Microcomputer 

operating systems. 

Applications 


Systems 


David A. Vogel, Ph.D 

Ames Professional 

•74 

Center 

Dan C. Vogel. SM *81 

450 Washington Street 


Suite 103 

(617) 329-0300 

Dedham. MA 02026 



TECHNOLOGY REVIEW AI7 





OBITUARIES 


LEA Gioiq? 


UNENTHAL 
EISENBERQ 
ANDERSON. INC. 
ENGINEERS 

BuHdlng OMlgn 
Environmental 
Enginaaring 
SHa/CIvll Daaign 
Roofing Technology 


Eugene R. Eieenberg 
'43 

Louie Rexroet 
Anderson '50 
William S. Hartley 'S2 
David A. Peters *77 
ttSCE 


Coneultants to 
industry, commerce, 
government and 
Institutions. 

75 Kneeland Street 
Boston, MA 02111 
(617)426-6300 

New Yorfc, NY 
(212) 500-1922 


Technology 

Maiketn^ 

Gioiq^lnc 


lilart(etir>g Consultants 
for Technology 
Companies 

Extending Your 
Resources 
to Achieve: 

• Sales Growth 

• New Martlets 

• New Applications 

• Product 
Enhancements 

• Profitable Pricing 

Leslie C. Hruby, SM '73 
F. Michael Hruby 

326 Burroughs Rd. 
Boxborough.MA 01719 
(617) 263-0646 


Alexander 

Kusko, Inc 

R——fch. 

Alaxandar Kuako '44 

d»vtopm»nt and 
•nglna^ng aarvIcM 

161 Highland Avanua 

in th« aiactilcal 

Naadham Halghta. UA 

•oginMrtng fiald 

02194 

SpacJaltiM: 

EJactrfc pow^r 

•ytlamt 

Eta^ric tranaportation 
aqulpmant 

Eiactric machinary 
and magnatica 
Solid-atata motor 
drtvM, ractlflara, 
Invartara 

Faadback control 
ayatama 

Computar appllcatlona 
and modaling 

Evaluation, 

invaatigation. 

patanta. 

(617) 444-1361 


Norman Geschwind, 
1926-1984 

orman Geschwind, professor of 
psychology who also held ap¬ 
pointments in the Harvard- 
M.I.T. Division of Health Sciences and 
Technology and as James Jackson Put¬ 
nam Professor of Neurology at Harvard 
Medical School, died of sudden cardiac 
arrest at Beth Israel Hospital, Boston, on 
November 4; he was 58. 

Dr. Geschwind joined the M.I.T. fac¬ 
ulty in 1978 as a world authority on clin- 
cial neurology; his research focussed on 
the relationship between brain anatomy 
and behavior, and he was a major force 
in rethinking the functional architecture 
of the brain and, in his words, the "spec¬ 
ialized talents" of its two hemispheres. 
Dr. Geschwind was associated with Bos¬ 
ton City Hospital and Boston University 
Medical School before becoming chief of 
neurology at Beth Israel Hospital in 
1975; he was a graduate of Harvard and 
Harvard Medical School. 

Deceased 

Edward D. MerriU, 09; October 28, 1984; do 
Mrs. Richard Pilkinton, 3104 Hawthorne St. MW, 
Washington, D.C. 

Mrs. Leonard W. Pritchett, '09; August 4, 1983. 
Herman E. Morse, '15; September 17, 1984; 329 
Overwood Rd., Akron, Ohio. 

Stanley L. Chisholm, '17; 1983; 3091 Cowley Way 
No. 5, San Diego, Calif. 

Elbert H. Bancker, '18; July 5, 1984; 6065 S Verde 
Trail, G-223, Boca Raton, Fla. 

Albert F. Murray, '18; October 8, 1984; 4900 Hill- 
brook Ln. NW, Washington, D.C. 

Sister St John Nepomucene, '18; 1984; Villa Julie, 
Valley Rd., Stevenson, Md. 

Kenneth E. Pote, 18; july 29, 1984; 17 Western- 
view Cr., do Hechler, East Longmeadow, Mass. 
Charles H. Watt, '18; 1984; 100 Old Billerica Rd. 
No. RW149, Bedford, Mass. 

Joakim Lehmkuhl, '19; October 15, 1984; do 
James Herman, PO Box 449, Old Lyme, Conn. 
Foster P. Doane, Jr., '20; July 16, 1984; 501 East 
Wisconsin Ave., Neenah, Wise. 

Augustus Sherrill Houghton, '20; October 12, 

1984; 2217 Cheyenne St., Golden, Col. 

Bruce M. Steele, '20; October 14, 1984; 39 Cliff 
St., Burlington, Vt. 

Kaare Aass, '24; May 9, 1984; Forvaltning Radgiv- 
enz, Norev, Oslo, Norway. 

Alvan Fisher, '24; October 7, 1984; 11 Beacon St., 
Natick, Mass. 

Gordon W. Harvey, '24; July 7, 1984; 4712 B Ro- 
binwood Terr., Boynton Beach, Fla. 



Francis E. Manley, '24; November 2, 1984; Bay 
Village No. 1263, 8400 Vamo Rd., Sarasota, Fla. 
Walter C. Ames, '25; July 2, 1984; RT 2 Box 11, 
Moon, Va. 

Frank W. Cole, '25; December 26, 1983; PO Box 
63, Sperryville, Va. 

George Colburn Myrick, '25; September 13, 1984; 
166 Winne Rd., Delmar, N.Y, 

Herbert P. Sontag, '25; August 18, 1984; 3280 A 
39th St. S, Boca Bay, Saint Petersburg, Fla. 

Russell L. Houghton, '26; November 3, 1984; 161 
West 16th St., New York, N.Y. 

George E. Rogers, '26; June 7, 1984; 8 Spring St., 
Lexington, Mass. 

Leonard B. Riley, '27; September 26, 1984; 470 
Hoyt St., Denver, Colo. 

Alexander D. Fowler, '28; October 28, 1984; 445 
Vreeland Ave. Rd 1, Boonton, N.J. ' 

Shikao Ikehara, '28; October 10, 1984; 2-Chome- 
19-20 Meguro-Honcho, Meguroku, Tokyo, Japan. 
Leroy H. Nothdurft, '28; November 15, 19M; 45 
Hawthorne Rd., Wayne, N.J. 

Raymond L. Wofford, '28; July 20, 1984; 961 La 
Tierra Dr., Lake Sein Marcos, Calif. 

Gustav A. Stein, Jr., '29; May 16, 1984; do A. 
Hetcher, 2211 NE 36th St.,! o. 204, Lighthouse 
Pt., Fla. 

Harold M. Baker, '30; September 18, 1984. 

John V. Berger, '31; October 9, 1984; 267 Acoma 
St., Denver, Co. 

Bertil A. Franson, '32; June 11, 1984; 36 Crest 
Rd., Lynnfleld, Mass. 

Herbert A. Breitstein, '33; September 17, 1984; 32 
Walnut Hill Rd., Chesnut Hill, Mass. 

Frederick H. Cooper, '33; May 22, 1984; 10536 
Lake Gardens, Dallas, Tex. 

William S. Kraybill, '34; October 17, 1984; 7205 
Marilyn Ave., Albuquerque, N.M. 

John A. Lowry, '35; July 1, 1984; 3805 Overdale 
Dr., Columbus, Ohio. 

Michael E. Scalia, '40; November 10, 1984; 19 
Sunset Rd., Nahant, Mass. 

Howard J. Samuels, '41; October 26, 1984; 7 W 
81st St., New York, N.Y. 

Clarence J. Grogan, '42; March 24, 1984; PO Box 
257, Madison, Va. 

Edmond J. Tyberghein, '44; November 1983. 
Peter V. Danckwerts, '48; October 25, 1984; The 
Abbey House, Abbey Rd., Cambridge, England. 
Saul Levine, '49; October 18, 1984; 9910 Fem- 
wood Rd., Bethesda, Md. 

Valentine Davidson, '51; July 24, 1984; 1133 Hid¬ 
den Springs Ln., Glendora, Calif. 

James D. Russell, '51; March 1984; No Great Rd., 
Box 237, Lincoln, Mass. 

Michael Humenik, Jr., '52; July 15, 1984; 17097 
Cambridge Ave., Allen Park, Mich, 

Hubert P. Foreman, '54, April 18, 1984; 3038 Box¬ 
wood Dr., Montgomery, Ala. 

George M. Walker, '55; November 14, 1984; 602 
Tallassee St., Wetumpka, Ala. 

Bryan B. Brown, Jr., '56; December 5, 1980; 721 
York St„ Vallejo, Calif. 

Lawrence H. Leonard, '58; September 22, 1984; 
514 Broughton Dr., Beverly, Mass. 

Stephen T. Colman, '62; Ortober 25, 1984; 5555 S 
Everett, Chicago, Ill. 

Jack E. Link, '83; October 19, 1984; 89 Massachu¬ 
setts Ave., Arlington, Mass. 
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A. CLEAR ACRYLIC PAPERWEIGHT. Pewter 
M.l.T. beaver mascot mounted inside. $15 

B. SOLID BRASS PAPERWEIGHT with M i l 
seal engraved. $15 

C. INSIGNIA KEYCHAIN of brushed 
pewter $6 

D. SHOT GLASS with M.l.T. insignia 
seal. $3.50 

E. GLASS BEER MUG with platinum M.l.T. 
insignia seal. $6 

F. M.I.T CERAMIC IRISH COFFEE MUG. 
Gold trim, handle and M.l.T. seal $15.50 

G. M.l.T COFFEE CUP. Ceramic with tri¬ 
color insignia seal. $5.95 

H. CERAMIC PIGGY BANK. Creamy white, 
gold trim ears and hooves. Scarlet. M.l.T. 
seal $12.95 

J. BRUSHED ALUMINUM MUG with 
pewter insignia seal arxt clear glass 
bottom $17 

M.I.l ACTIVEWEAR 
BY CHAMPION 

K. M.l.T. CREWNECK STYLE SWEATSHIRT. 
Cotton / acrylic fleece in scarlet / white 
seal or grey / scarlet seal. Adult sizes S, M, 

L. XL. $16 (Not Shown) Hooded Sweat¬ 
shirt with pouch pocket, sizes S, M, L, 

XL. $20 

L M.l.T T-SHIRT with contrasting banding 
and insignia seal In grey or maroon, adult 
sizes S, M, L, XL. $ 8 . Youth sizes XS, X, 

M. L $7. 

M. M.I.T. BEAVER T-SHIRT in white with 
scarlet trim. Cotton/polyester blend, 
adult sizes A, M, L, XL. $8 Youth sizes XS, 
S, M, L. $7. 


HARVARD 

COOPERATIVE 

SOCIETY 


All items available at M.l.T. Student Center. Tech Coop open Mon.-Sat. 9:15 to 5:30. Coop Charge, Mastercard, Visa and 
American Express welcome. Call toll free: 1-800-792-5170 within Mass. 


1-800-343-5570 outside Mass. 













■ PUZZLE CORNER , 
ALLAN J. GOTTLIEB 


How to Computerize Your Engagements 


As promised in the October issue, here 
is the current backlog of submitted prob¬ 
lems in various classes. The shortest de¬ 
lay until publication is for speed 
problems, where I have a half-year sup¬ 
ply. The backlogs for chess, bridge, and 
regular problems are each approxi¬ 
mately one year. Some confusion has 
developed concerning the computer-re¬ 
lated problems. These problems will be 
clearly identified when presented, and 
I did not intend to suggest a preference 
for computer calculations over mathe¬ 
matical analyses for regular problems. 
To date (November 9), 1 have received 
two problems designed as computer-re¬ 
lated, one of which appears as F/M 1 
below. Thus, the backlog for this class 
is just one problem. 

Finally, I must apologize to Merle 
Smith for misspelling his name in the 
October column. 

Problems 

F/M 1. Alfred Anderson inaugurates the 
computer-oriented problems with this 
offering; he writes: 

Recently I used brute force to solve a 
rather interesting computer-oriented 
problem. Perhaps one of your readers 
would find a more elegant solution. 
Management meetings are scheduled on 
the second Thursday of each month, ad¬ 
ministrative conferences are the third 
Friday, and work units have a seminar 
on the first Monday. Derive an algo¬ 
rithm which will generate a date given 
the year, month, day-of-week, and or¬ 
dinal week within the month. For ex¬ 
ample, if a meeting were scheduled for 
the third Friday of August 1984, the al¬ 
gorithm would return "August 17." 
Note that a meeting on the fifth Tuesday 
in March would be fine for 1983, 1985, 
and 1986 but not for 1984 (there are only 
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four Tuesdays in March of 1984). In this 
case the algorithm could return January 
0 . 

F/M 2. William Stein likes to deal with 
loosely coupled coins: 

Two coins, loosely coupled, are 
flipped simultaneously such that if 
either one is heads, the other has prob¬ 
ability 7/8 of also being heads, but if any 
one is tails, the other is equally likely to 
be either heads or tails. Find the prob¬ 
ability of each individual coin turning up 
heads, and the probability of their both 
being heads simultaneously (or prove 
that the problem statement and data are 
inconsistent). 

F/M 3. A geometry problem from Phelps 
Meaker: 

A horizontal line of length 2a forms 
the common base for two isosceles tri¬ 
angles. On the near side the triangle is 
45° - 45° - 90°, and on the opposite side 
75° —75° —30°. Determine the radius of 
the circle tangent to all sides of the com¬ 
posite lanceolate figure, and locate its 
center. 

F/M 4. Smith D. Turner /(dt) wants you 
to find a four-digit number whose 
square is an eight-digit number whose 
middle four digits are zero. 

F/M 5. David Dreyfuss was attracted to 
the following problem: 

- d ■- 

I I 

-1-—2 b— 



fixed, and the upper dipole is con¬ 
strained to move along a horizontal line. 
(This is roughly the geometry encoun¬ 
tered in magnetic stirring.) Find the con¬ 
ditions on h and b for which the upper 
dipole tends to center (the force is in the 
opposite direction of d, the displace¬ 
ment from the center line). When does 
the motion of the upp>er dipole approx¬ 
imate simple harmonic motion? 

Speed Department 

SD 1. David Evans has placed a turtle 
in each of the four comers of a square 
room measuring 3 meters on a side. All 
four start moving at the same instant at ‘ 
a constant speed of 1 cm./sec., and each 
crawls directly toward the turtle to the 
left. How long does it take for them to 
meet at the center of the room? 

SD 2. Steven Bernstein knows a teacher 
who brings apples for her students: 

Ms. Lang, the third-grade teacher, 
wanted to do something nice for the n 
students in her class. One day she 
brought in an apple which would be 
given to a lucky youngster. Her problem 
was how to choose the lucky one fairly. 
Here is what she decided to do: She said: 
"I'll pick a number from 1 to n. The first 
one of you to guess the number is the 
lucky winner. Let's hear your guesses 
in alphabetical order. Aaron, you're 
first. Be sure to speak up so everyone 
can hear you. Zelda, you'll be last." 
"Unfair!", said Aaron. "I'll have all 
those numbers to choose from. My 
chances of guessing are pretty small. 
Wanda, Yolanda, and Zelda will have a 
chance to hear everyone else's guesses 
so they will have a better chance of win¬ 
ning!" "Wait a minute," said Zelda. "I 
probably won't even get a chance to 
guess because all the other kids go first 
and one of them will win before it's even 
my turn!" Ms. Lang replied, "Children, 
I've thought about it and this procedure 
is fair. You all have the same chance of 
winning." Is Ms. Lang correct? 

Solutions 


Consider two dipoles with dimen¬ 
sions as indicated. The lower dipole is 


OCT 1. What is the minimum number of high- 
card points needed to make a contract of 7 spades 
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w — V2g/R rads./sec. 

Also solved by Matthew Fountain. 


against the best defense? 

Bob Sackheim sent us the following: 

I suspect that the minimum number of high- 
card points needed to make a 7-spade contract is 
five. One possible deal would be as follows (point 
cards are shown; all other cards are indicated by 
x's, their values being immaterial): 

4 X X X X X 


Ventures 


OCT 3. In the Illinois Lottery Lotto game, the 
player chooses six different integers from 1 to 40. 
If the six match, in any order, the six different in¬ 
tegers drawn by the lottery, the player wins the 
grand prize jackpot which starts at $1 million and 
grows weekly until won. Multiple winners split 
the pot equally. For each $1 bet, the player must 
pick two, presumably different, sets of six inte¬ 
gers. Considering the grand prize alone, under 
what conditions would it pay, on the average, to 
play this game? In the game week ending June 
18, 1983, 78 people matched all six winning inte¬ 
gers and split the jackpot. Estimate the odds of 
this outcome, given that 2 million people bought 
$1 tickets that week. 

There are 
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or 3,838,380 possible combinations 

which might be chosen. It will prove highly con¬ 
venient to round this off to 4 x 10*. The expecta¬ 
tion for a lottery participant would be easy to 
compute, if we didn't have to worry about multi¬ 
ple winners. Choosing 2 out of 4,0(X),000 combi¬ 
nations, someone would have a l/2,000,(XX)th 
chance of winning. The prize would have to ex¬ 
ceed $2 million before it would pay, on the aver¬ 
age, to play the game. But, in fact, the prize 
would have to be significantly higher than this, 
because there is a good chance of multiple win¬ 
ners. The probability that a winner will have to 
share his prize is orily 1/e, as can easily be 
shown. There are, according to information given 
later in the problem, 2,(X)0,000 people playing the 
game. That is, 4,000,0(X) combinations are se¬ 
lected. Since there are 4,000,000 possible combina¬ 
tions, the probability that any given selection 
does not match the winner (assuming that each se¬ 
lection is equally likely) is 
[(4 X 10*) - l]/(4 X 10*). 

The probability that all the other selections don't 

match the winner is 

([{4 X 10*) - l)/4 X 10*)* X 10* 

This is very close to 1/e since, as is familiar from 
calculus, > 

lim ((n - IJ/nJ" = 1/e. 

So there is a probability of 1 - 1/e that there will 
be additional winners. We will need to know the 
probabilities of specific numbers of additional 
winners, and these can be obtained from the 
Poisson formula: 

This gives the probability of k additional winners, 
where M- is the average number of winners. In the 
present case ^ is 1, since there are 2,000,000 par¬ 
ticipants, each with a l/2,0(X),000th chance of suc¬ 
cess. The following table may be compiled: 

Probability 

No additional winner .37 (» 1/e) 

One additional winner .37 

Two additional winners .18 

Three additional winners .06 

Four additional winners .01 

Five or more winners negligible 

What this indicates is that a winner has a .37 
chance of getting ail the money, a .37 chance of 
getting half the money, etc. What the winner 
could expect would be, roughly, 

.34 + .37/2 + .18/3 + .06/4 + .01/5 = .63 
of the prize money. In order for the lottery to be 
a good bet, 63/l(X) times 1/2,000,000 times the 
prize money would have to exceed $1. That is, 
the prize money would have to exceed $3.17 mil¬ 
lion. 

To determine the probability of the June 18, 
1983, result, we again make use of the Poisson 
formula, with k = This gives the probaUlity 
that 78 people will have a given winning combi¬ 
nation. Since 78! is on the order of 10"*, this is an 
extremely low probability. An event this unlikely 
could not, practically speaking, have happened. 
But it did happen. Therefore, something has gone 
wrong in the preceding calculations. 

The problem lies in the assumption that each 
combination is equally likely to picked by lot¬ 
tery participants. In fact, people do not choose 


If West leads the 4K, South takes with the 4A, 
cross-ruffs four hearts and four diamonds, setting 
up three hearts in his hand, plus his last spade 
for 13 tricks. If West leads a heart. North ruffs, 
leads a spade to the 4^ A, then three more hearts 
and three more diamonds are cross-ruffed, setting 
up three good hearts in South's hand, plus his 
two remaining spades for 13 tricks. If West leads 
a diamond. South ruffs, plays the 4AA, then 
cross-ruHs four hearts and three diamonds, end¬ 
ing in dummy; his last spade, and either three 
hearts or three diamonds, are good. If West leads 
a club. South ruffs, plays his iA, cross-ruffs four 
hearts and four diamonds, ending in his hand; 
his last three hearts are good. 

Also solved by Tom Harriman, Lester Steffens, 
Richard Boulay, Philip Dangel, Alan Robock, 
Warren Himmelberger, Winslow Hartford, and 
the proposer, Howard Sard. 

OCT 2. Given a rotating hollow semi-sphere with 
a hole in the bottom, into which a marble is 
dropped, find the angular velocity required to 
hold the marble exactly halfway ^tween top and 
bottom of the sphere. Assume the fiictional coef¬ 
ficient between marble and sphere is p. and the 
radius of the sphere is R. 
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In figure shown, 
r = radius of the nuirble 
R = radius of the hemisphere 
W = weight of the marble 
w = angular velocity of the hemisphere 
g = acceleration of gravity 
and A is the point of contact between the marble 
and the spherical surface at a height R/2 above 
the bottom. For equilibrium in a vertical uni¬ 
formly rotating plane, the moment of W about 
point A will equal the moment of the centrifugal 
inertia force W/gw^ about the same point. Thus, 
Wr sin 9 = W/g» w^»r cos 9, or 
w ” Vg/xHan 9. Since 
9 = cos-'(r/2)/R - 60”, 
then tan 9 = V3. Also, 

X = (R - r)sin 9 = VS2-(R - r). 

•Substit uting x and tan 9 into equation (1) yields 
w = V2g/(R - r) rads./sec., the required angular 
velocity. If the intent of the problem was to have 
the center of the marble halhvay above the bot¬ 
tom, we would have 
cos 9 = R/[2(R - r)] and 
sin 9 = x/(R - r). Hence, for this condition, the 
angular velocity from (1) would be: 
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numbers at random. They choose numbers which 
have some significance. Often this is a strictly in¬ 
dividual significance (one's age, a date of the 
month with special meaning, etc.). But the 
choices are sometimes on the basis of a more gen¬ 
eral significance. Some numbers (e.g., 7 and, to a 
lesser extent, 3) are believed to be lucky. These 
and related numbers, such as 21, 33, and 37, will 
be heavily over-represented in the selections. By a 
reverse psychology, 13 might also be popular. 

What were the wirming numbers for June 18, 
1983? This can be looked up in daily papers of the 
region for June 19. When I did look this up, I had 
some idea, based on the considerations in the last 
paragraph, of what 1 might be seeing. But, even 
so, I could hardly believe my eyes. The wirming 
combination was: 7, 13, 14, 21, 28 and 35. It 
woujd be difficult to imagine a group more ap¬ 
pealing to the believer in lucky numbers! Here we 
have all the products of 7 between 1 and 40, with 
13 thrown in for good measure. 

So the answer to the question "What was the 
likelihood of the June 18, 1983, result?" is now 
apparent, though it doesn't lend itself to exact 
quantification. It was quite remarkable (having a 
probability of 1/(4 x 10*) that that particular com¬ 
bination was the winner. It was not at all remarka¬ 
ble that 78 people chose it. The probability of the 
complex event (that number winning and being 
chosen by 78) is not much less than 1/(4 x 10!^. 

Let's consider the more general question of 
there being some result involving a very large 
number (say 50 or more) of wiimers. I am in¬ 
clined to think that this is not extraordinary un¬ 
likely. Take the following as a list (obviously not 
exhaustive or definitive) of lucky numbers te- 
tween 1 and 40: 3, 7, 11, 13, 14, 21, 22, 28, 33, 35, 

37. There are | ^ j = 462 combinations of these 

numbers which might be selected. Given that the 
total of possibilities is 4 x 10*, it's not likely that 
any of these will again be selected in the foresee¬ 
able lifespan of the lottery. But consider the com¬ 
binations of five of these numbers with some 
other number selected for its significance to an in¬ 
dividual. There are X 29 (about 14,400) of 

these comlxnations. The chance that one of them 
will be a winner is roughly .(X)4 (1 in 250). So one 
of these should come up about every five years, 
and when it does there may well be a lot of win¬ 
ners. Probably not as many as 78, for these com¬ 
binations don't have the unique appeal of that 
other one, but 50 would not seem too unreasona¬ 
ble for some of these combinations. 

It's now quite clear that my earlier calculation 
of what percentage of the prize a lottery player 
might expect to collect can only be interpreted as 
an average. What a particular player can expect 
will vary in relation to the numbm that are se¬ 
lected. If he picks two of the supposedly lucky 
combinations, his winnings may have to be 
shared with 50 others. If the grand prize is at the 
$1 million level, each winner's share is slightly 
less than $20,000. Recalling that there is still just a 
l/2,000,000th chance of winning, this works out 
to an expectation of less than 1*. 

If you deliberately choose nothing but "ordi¬ 
nary" numbers, your expectation is somewhat im¬ 
proved beyond the level 1 gave earlier. LeTs try a 
quite arbitrary assumption, in order to make the 
discussion more concrete. Suppose half of the lot¬ 
tery entrants make use (consciously) of one or 
more of the "lucky" numbers in picking their 
combinations. The other half choose their num¬ 
bers on the basis of considerations peculiar to 
themselves, so that these selections are, in tfie ag¬ 
gregate, random. If you deliberately choose only 
"ordinary" numbers, then you are competiting 
cmly with the second group. There is no possibil¬ 
ity that you will have to share your prize with 
anyone in the first group. Using the Poisson for¬ 
mula, we can compute a table of probabilities for 
this situation, similar to the table given earlier. 

But now M. is just 0.5. We have, on the supposi¬ 
tion that you win: 


Probability 


No other winners .61 

One other winner .30 

Two other winners .08 

Three other wiruiers .01 


You would stand to receive .61 ■¥ .30/2 -t .08/3 
+ .01/4, or about .79 of the prize. In the case 
where the prize is $1 million, this works out to an 
expectation of 40< (compared to the 1< expecta¬ 
tion enjoyed by the other contestant). But note 
that under any circumstances, the prize must be 
significantly above $2 million before the lottery 
becomes a good bet. 

Also solved by Frank Carbin, Warren Himmel- 
berger, Matthew Fountain, and ^e proposer, Jon¬ 
athan Hardis, who sent us a particularly complete 
solution. Mr. Hardis seems to be quite an author¬ 
ity on the Illinois lottery. Since he has a Chicago 
address, one might conjecture that some of his 
knowledge comes from empirical study. 

OCT 4. An associate research professor walks 
into his office one morning and says to his secre¬ 
tary, "I had three dinner guests last night. The 
pr^uct of their ages was 2450. The sum of their 
ages was twice your age. Can you tell me their 
three ages?" Ten minutes later his secretary came 
to him and said that the problem could not be 
solved. He said, "You are right. I will now tell 
you that I was the oldest one there." The secre¬ 
tary was then able to tell him the ages of the 
three dinner guests. What are the ages of the din¬ 
ner guests, her age, and the professor's age? 

The following solution is from Tom Callahan: 
The first thing to do is make a list of the possible 
combinations of ages. Once the secretary has 
done this he/she can eliminate the ones that do 
not add up to twice his/her age. If there were 
only one set of ages that fit the criteria it would 
be the answer. This is not the case because he/she 
cannot solve the problem. There must be more 
than one choice. The fact that the professor is the 
oldest one there must distinguish between the 
possible choices so that the secretary can solve 
the problem. 

In making a list it helps to make a factor tree, 
since three ages's product is 2450. 

2450 


/ \ 



25 

98 


/ \ 

/ \ 


5 5 

2 49 

/\ 

2450 

=2x5x5x7x 

7 7 7 


Ages of 

Resulting age 


guests 

of secretary 

1 

2, 5, 245 

126 

2 

2, 7, 175 

92 

3 

2, 25, 49 

38 

4 

2, 35, 35 

36 

5 

5, 5, 98 

54 

6 

5, 7, 70 

41 

7 

5, 10, 49 

32 

8 

5, 14, 35 

27 

9 

7, 7, 50 

32 

10 

7, 10, 35 

26 

11 

7, 14, 25 

23 

You must also realize that one or two of the 

guests may be one year old: 

12 

1, 25, 98 

62 

13 

1,35,70 

53 

14 

1, 49, 50 

50 

15 

1, 1, 2450 

1226 

None of the guests may be 0 years old because 


the product of the guests' ages in that case will 
always be 0. 

For ease of explanation 1 have numbered the 
sets of ages. All of the resulting secretary's ages 
are distinct except 7 and 9. One of these must be 
the correct answer; thus we now know that the 
secretary is 32 years old. In case 7 the professor 
must be 50 years old or older to be the oldest one 
there. In case 9 he must be 51 or older. If the pro¬ 
fessor is 51 or older the secretary can't choose be¬ 
tween the sets. The professor must be 50 years 


A22 FEBRUARY/MARCH 1985 



old and 7 must be the correct set. Logically we 
could have eliminated 1, 2, and 15 but this is un¬ 
necessary. 

Also solved by Michael Jung, Matthew Foun¬ 
tain, David Griesedieck, Tom Harriman, Naomi 
Markovitz, Richard Boulay, Fernando Saldanha, 
Jerry Sheldon, Clarence Cantor, Steve Feldman, 
Dennis Coring, Ronald Raines, James Michelman, 
Avi Omstein, Tso Yee Fan, John Rosendahl, Ray¬ 
mond Gaillard, E.R. Foster, Danny Mintz, Roy 
Levitch, Miriam Nadel, Tom Lydon, Myles Fried¬ 
man, Rerre Heftier, Frank Carbin, Winslow Hart¬ 
ford, Harry Zaremba, and the proposer. Merle 
Smith. 

OCT 5. Given an irregular polygon of n sides, in 
which sequence should the sides be arranged and 
how should the comer angles be determined to 
give the greatest area? 

The following solution is from the proposer, 
Irving Hopkins: 

Consider that the polygon is the horizontal 
cross-section of a vertical open-topped water 
standpide, the rectangular sides of which are 
hinged together along their vertical edges. There 
is no friction in the Wnges, and the lower end of 
the vessel rests in a friction-free manner on a hor¬ 
izontal plate with no leakage of water. Gravity 
causes the water to fall until the sides have 
moved to what must be the enclosure of maxi¬ 
mum area. When movement of the water has 
ceased, the pressure at any depth is uniform in 
all directions. The stress in the sides depends on 
the depth, but the geometry does not vary with 
the pressure. Assume a depth at which a side of 
width L and a suitable vertical dimeruion is sub¬ 
ject to a force 2L. At the junction of Lj and L 2 the 
forces are as shown, where ti is the tension in L| 
and t 2 that in Lj. 


Length Lj ^ — Li 


At the hingepin, the forces parallel to Li balance 


if 

ti = t2COsA, + LjsinAi (1) 

and the perpendicular forces if 

Li + LjCosA, = t 2 SinA| (2) 

Going on to other comers, we have: 

t 2 = t 3 CosA 2 + L3SinA2 (3) 

L 2 + L 3 COSA 2 = t3SinA2 (4) 



t, = tjCOsA, + LisinA, (2n - 1) 

C, + L|CosA„ “ hsinA,. (n) 

From the even-numbered equations above: 

ti = (L„ + L,cosA,)/sinA, 

fr = (Li + L2COsAiysinA| 

t, = (L,-| + L„cosA„ - l)/sin A,. 

Substituhng these values of t in the odd-num¬ 
bered equations, we get: 

(LjCosA, + L,)/sinA, = (L,cosAi + L 2 )/sinA, (I) 
(L 2 COSA, + L|)/sirvA, = (L 2 COSA 2 + L 9 )/sinA 2 


(UcosA,-, + L,.,)/sinA„-i = (L„cosA, + L,y 
sinA,. (Ill) 

We now have n equations from which to find the 
values of angles Aj to A„. But there is one more 
requirement: the sum of A| to A„ must be 360°. 
Assume a value for Ai and let Q equal the left- 
hand side of (H). Square both sides of (B), which 
becomes 

C0S^A2{L2^ + + 2L2L3COSA2 + (L3^ - tf) = 

o. 

This is a quadratic equation in COSA 2 from which 
A 2 nuiy be found, and so on. For a pentagon with 
sides 3, 5, 7, 9 and 11 in length the angles were 
found to be 
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A, 37.590° 

Aj 57.838° 

Aj 80.425° 

A. 108.230° 

As 75.916° 

Could such polygons be drcumscribed by circles? 
If so, each side of the polygon is a chord of the 
circle, whose center must lie at the point of inter¬ 
section of the perpendicular bisectors of the 
chords. Consider two adjacent sides of the poly¬ 
gons, say L] and L 2 , with angle A,. 



Taking 

c = (L2/2)sinAi -I- qcosA, and horizontally 
Li/2 ” qsinAi - (IV2)cosA|. 

From these eqtutions we find that 
1 c = [L/2 + (Li/2)cosA,l/sinAi, 
and the radius Ru determined from sides Li and 

^ 0 **= (c* + {L,/ 2 )^" 

= [(Ly2) + (L,/2)cosA,p/[sin^A, + 
which boils down to 

4 R 12 ’ - (Li’ + 2L|l.^osAi -I- Lj^ysin^A, (IV) 
The existence of a drcumscribing circle depends 
on Ri 2 = R 23 = . . R,]. By analc^ with (IV), 

4Rn “ (L 2 ' + 2L2L3COSA2 -I- L3^sm^A2 (V) 

Squaring both sides of (11), we get 
(Li’ -I- 2L1L2COSA1 -I- L 2 ^cos^A,ysin^Ai = (Ls* 
2L2L)CosA 2 + L2*cos^A2ysin*A2. (VI) 

Subtracting the left side of (VI) from the right side 
of (IV), and the right side of (VI) from the right 


side of (V), we get 

L 2^(1 - cos^AiVsin^Ai = 1 , 2 ^ and 

L2^(1 - cos^A2ysin^A2 = I^i’. 

The right sides of (IV) and (V) are therefore equal; 
hence R ,2 and R 23 and all the other R's are equal. 
The area of each triangle is easily found by 
Area = (L/2)[R^ - The sequence in 

which the sides are arranged is immaterial, equiv¬ 
alent to carelessly cutting a pie and then shuffling 
the pieces. 

The pentagon described is shown above. 

Each side subtends an angle at the center (B, = 
2arcsin(lV2R)], and the sum of these must ^ual 
360°. The easiest way to find the radius giving B 
= 360° is cut-and-try. This may fail if a very long 
side, L,, causes the center of the circumscribing 
circle to be outside the enclosure. In this case, 
solve for 

^ B, = B, 

i-1 

Also solved by Matthew Fountain, Tom Harri- 
man, Winslow Hartford, and Harry Zaremba. 

Better Late Than Never 

M/J 4. Andre Schmitz found a simpler way to 
present the solution. 

A/S 4. Dick Swenson has responded. 

Proposers' Solutions to Speed Problems 

SD 1. Five minutes. Since the turtles move at 
right angles to each other, an approached turtle's 
motion does not contribute to the distance the ap¬ 
proaching turtle must travel. 

SD 2. Yes, Ms. Lang is correct. Each child has 
probability 1/n of winning. Aaron's chance is 1/n 
because he has n numbers to choose from. The k- 
th child will win if each of the k — 1 children that 
went before him/her guessed incorrectly and the 
k-th guesses correctly. The probability of this hap¬ 
pening is: 

[(n - \)/n][{n - 2 )/(n - 1 )). . . (n - k + l)/(n 
- k + 2 )(l/(n - k + 1)1 = 1 /n. 

Notice that in order for this to work it is neces¬ 
sary for each guess to be heard by the children to 
follow. In this way the disadvantage of going 
near the end is exactly compensated by a narrow¬ 
ing down of choices. 
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In “Gaze-Orchestrated Dy¬ 
namic Windows,” a salvo 
of images and sounds mim¬ 
ics the type of rapidiy 
changing environment that 
business executives must 
confront. The system ex- 
pioits people’s natural pro¬ 
cesses of selective visuai 
attention to heip them fo¬ 
cus on the most reievant 
events in the midst of near- 
overwhelming compiexity. 


Give-and-Take 

This kind of interchange between human and com¬ 
puter is a process of mutual self-disclosure. The com¬ 
puter is disclosing itself—or, more specifically, its 
contents—on the basis of the user’s disclosing of 
himself or herself explicitly in speech and gesture 
and implicitly by eye movements. It is an ongoing 
two-way process. 

What drives this conversation? What keeps it 
going and gives it direction? It is primarily the cur¬ 
iosity of the user as it interacts with the built-in 
reactivity of the system. For example, psychologists 
have shown that people are attracted to things that 
are visually rich and complex. People are also driven 
by so-called epistemic curiosity: we want to know 
the why and what of things. In its response to these 
“simple” levels of curiosity, the system obligingly 
tries to follow whatever leads its users give. The 
computer’s “personality” is that of the convivial yet 
reserved person: it responds in a lively way but 
doesn’t push itself on the user. 

The system can readily sense the difference be¬ 
tween a politely curious inquirer and a “serious” 
one—the difference, for example, between the tour¬ 
ist who strolls through Westminster Abbey taking it 

PHOTOGRAPHS: BARRY ARONS; ARCHITECTURE MACHINE GROUP 


all in and the scholar who studies it. Both might 
spend the same time looking, but their ways of ob¬ 
serving provide a clue to how organized and com¬ 
prehensive a guide’s exposition must be—technical 
for the scholar, lucid but light for the tourist. 

When a user has an even more compelling reason 
to communicate with the system, the computer can 
respond in kind. For instance, if you are a graduate 
student who must know all about colonial architec¬ 
ture in New England by final exams next Wednes¬ 
day, you can instill motivation in the system by 
asking it, “Tell me about colonial architecture.” 
Now the computer goes directly into a kind of su¬ 
perordinate “teaching” mode, in sharp contrast to 
its previously relaxed, reserved posture. The system 
may go slowly now and then to let you digest in¬ 
formation when it senses that your rate of uptake 
has faltered. But it assumes more responsibility for 
shaping the exchange than in the more leisurely 
mode. All the while, whether the overall mode is 
relaxed or purposeful, the moment-to-moment con¬ 
versational initiative drifts to and fro between hu¬ 
man and computer, much as the “attack” passes 
back and forth between two fencers. Thus, the ac¬ 
tions of the user and the system are mutually deter¬ 
mined, either party by turn driving or being driven. 
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Tjie fuirdestjoh will lyefostmng 
a vinv of tJie computer iiiieiface as a 
comfortable place where people ami machines 
tmly “keep company 


Users’ sophistication—their style of looking and 
the questions they ask—can also help determine how 
the computer will respond. For instance, novices and 
expert chess players look at board positions differ¬ 
ently. And of two people interested in antiques, one 
may have a “trained eye” for detecting the fine points 
of a collectible while the other examines the item in 
a less disciplined way. Such differences in looking 
style, though subtle, can enable a computer to infer 
what should be shown and said next. 

Keeping Company 

In person-to-person conversation, we speak not to 
some disembodied spirit but to someone right before 
us. One of the benefits of this direct presence is that 
we can look the person in the eye—for example, we 
can shift our gaze from an object under discussion 
to the eyes of the person with whom we’re speaking. 
Beyond the sense of engagement this creates, eye 
contact can signal that we wish to shift the discourse 
to a personal level: to talk “to” the person rather 
than “with” them about external matters. Given that 
conversationality is a positive value in human-com¬ 
puter communications, how might we establish the 
ability to look the machine “in the eye”? 

Patrick Purcell and some of his students at M.l.T. 
have been experimenting with a kind of computer 
“persona.” Next to the Media Room’s display screen 
is a video monitor that bears the face of a person— 
in this case. Professor Purcell himself. When you 
speak to the system—for example, to command it 
to display the art and architecture slides stored on 
its videodisc—this image speaks back to you. You 
ask: “I’d like to see some examples of Romanesque.” 
The face on the monitor responds with synthesized 
speech, “Early or late?” The lips on the image are 
synchronized to the phonetics of the synthesized 
speech in a convincingly lifelike way. 

This exercise was originally done somewhat 
tongue-in-cheek, with the modest goal of providing 
a more cordial, congenial channel for output mes¬ 
sages than the line of print or the disembodied voice. 
The persona doesn’t—yet—track the user’s eyes and 
thus can’t tell whether he or she is paying attention. 
With eye-tracking powers added, the persona could 
become a specific spot for the user to look at to 
establish “eye contact” with the machine. 

Many of these technologies to support friendlier 
and richer human-computer interactions already ex¬ 


ist, at varying levels of refinement. Devices that rec¬ 
ognize and synthesize speech have improved 
markedly in recent years. Reliable touch-sensitive 
screens that enable users to point at data on display 
are on the market. Body-sensing equipment for cap¬ 
turing various levels of gesture is developing apace. 
For example, researchers in our laboratory are work¬ 
ing on a glove that will allow the computer to discern 
a user’s hand and finger movements. What has not 
existed is the appreciation of such technologies as 
essential parts of a computer’s instrumentation. 

Eye tracking offers a good example. Unobtrusive 
tracking systems that can be situated as much as six 
feet from the user have been available for several 
years. But they cost about $ 100,000, which prohibits 
them from serious consideration as system compo¬ 
nents. Part of the high cost is due to the proverbial 
chicken-and-egg dilemma. The systems are currently 
sold one at a time to research laboratories as mea¬ 
surement tools, not in large quantities to become 
part of well-equipped computer systems. Growing 
demand and high-volume production would help 
lower costs. But the fact that eye tracking can be¬ 
come a system component has not yet really struck 
home. There is a vague sense that tracking may be 
useful, but no real conviction. 

This situation could change with new develop¬ 
ments in digital cameras, microprocessors, and 
tracking technology. As tracking systems become 
more compact, they will become embedded in ter¬ 
minals as an integral part of new systems. In the long 
run, the price of a tabletop or personal computer 
will less and less reflect the memory and processing 
elements. Rather, it will reflect the costs of the elec¬ 
tromechanical accoutrements that capture the user’s 
intentions. 

More difficult than developing the hardware for 
capturing multiple human modes of conversation, 
however, will be creating the machine intelligence to 
interpret human outputs and map appropriate re¬ 
sponses. This effort will involve computer science, 
psychology, linguistics, artificial intelligence, and 
cognitive science—with scientists from all disciplines 
contributing to the necessary insights and inventions. 

But hardest of all will be fostering a view of the 
computer interface as a comfortable place where 
people and machines truly “keep company.” The 
world of computers outside the home—where the 
largest number of computer consumers still resides— 
contains two classes of users. There are those people 
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who actually operate computers, 
and there are those who decide 
whether to adopt a particular kind 
of computer. The latter users are 
usually indifferent to the subjec¬ 
tive experience of those who ac¬ 
tually interact with machines. 

Most organizations operate ac¬ 
cording to the ethos that those 
lower in the hierarchy should not 
be too comfortable, and that the 
tools provided for them should be 
“cost-effective.” If one tool is a 
computer that is excruciating to 
use, so much the worse for the em¬ 
ployee. Unless they are computer 
buffs, people higher up in an or¬ 
ganization usually avoid com¬ 
puters and hence do not 
understand the feelings of frustra¬ 
tion and lack of control they can 
engender. 

The world of home computers 
is different. People who buy those 
machines are normally the users, 
and they put a high stake on their 
subjective experience at the inter¬ 
face. For them, the flavor of “keep¬ 
ing company” is the bottom line. 
Yet the loudly trumpeted home- 
computer revolution seems to have 
stalled. People perceive word-pro- 
cessing and spreadsheets as helpful 
and games as entertaining baby¬ 
sitters for the kids, and that’s 
about all. Only when home com¬ 
puters provide a real help—and 
good company—will the true rev¬ 
olution begin. Then, inexorably, 
people in the workplace will come 
to expect and even demand the 
kind of conviviality they are ac¬ 
customed to at home. That vision 
is seductive. 


RICHARD A. BOLT is a principal research 
scientist in M.I.T.'s Media Laboratory, where 
he is acting head of its Human-Machine Inter¬ 
face Group. He is the author of The Human 
Interface, (Lifetime Learning Publications, a 
subsidiary of Van Nostrand Reinhold, 1984). 
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M athematical problem 

solving can be involved 
and time consuming, but it 
doesn't have to be. MATH/ 
PROTRAN, one of IMSL's Natural 
Resources, is a powerful system 
for the professional who 
expects a straightforward 
approach to problem solving. 

You don't need any 
programming knowledge 
to use this remarkable system, 
in a surprisingly short time, 
MATH/PROTRAN is at your 
command. Convenient 
"help" files provide on-line 
reference, and the system 
automatically checks your 
statements for errors. 

MATH/PROTRAN lets you 
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as other mathematical 
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able results you have come 
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leader in affordable technical 
software. 

MATH/PROTRAN is the nat¬ 
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of mathematical applications. 

And the low subscription rate 
makes this powerful system 
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i<Jince 1981, 

U.S. scieiKe policy Iuls emphasized 
the contrihutienis of basic research to imhistfial 
competitiveness. That major theme, the 
president's scieme advism' assetts, will 
he refined duiing the second 
Reagan administration. 


Science and Technology PoUcy: 
The Next Four Years 


BY (;E0RGE a. key worth II 


F our years ago the Reagan administration, as 
part of a broad reevaluation of the relationship 
between government and society, took a fresh 
look at the rationale and impacts of the federal gov¬ 
ernment’s large programs in support of research and 
development. Certainly, one driving force behind 
this reevaluation, which continues today, is the sheer 
pervasiveness of science and technology in the mod¬ 
ern world. The rise of fierce foreign competition in 
both the world and domestic market means that in¬ 
dustry rises or falls on its technological advantages. 

A quarter century ago, U.S. industry had few wor¬ 
ries about competition. The United States dominated 
essentially all industrial technologies, and had al¬ 
ways been able to develop and introduce them at its 
own pace. Today we must use our technological re¬ 
sources much more aggressively. Technology and 
talent are virtually our only clear competitive ad¬ 
vantages in a world where the dollar may be per¬ 
manently overvalued, where foreign governments 
are subsidizing capital costs, and where foreign labor 
is often an order-of-magnitude cheaper than do¬ 
mestic labor. Thus, in the second Reagan adminis¬ 
tration, we intend to use our funding of R&D most 
effectively to guarantee that we continue to retain 
those two advantages. 


Getting Value for Money 

Industrial technology is the end-product of a mul¬ 
tistep process of research, development, and appli¬ 
cation. Modern electronics illustrates the steps, 
which begin with the kind of fundamental research 
done in universities and federal laboratories. In this 
case, one strand of that research was highly theo¬ 
retical work on the quantum theory of solids. Sci¬ 
entists and engineers then applied those basic 
concepts in a device to switch electric currents; that 
became the transistor. Finally, the crude early tran¬ 
sistor was refined into a commercial reality that, in 
turn, became the basis for the industrial explosion 
into microcircuits applied to computers, automatic 
control, and a whole new world of consumer elec¬ 
tronics. This process emphasizes the critical role of 
basic research in the development continuum. 

Most industrial nations invest roughly compar¬ 
able fractions of their GNP in the broad process of 
R&D. The United States will invest some $110 bil¬ 
lion in R&D next year—more than Japan, France, 
West Germany, and the United Kingdom combined. 
That’s roughly 2.7 percent of U.S. GNP—about the 
same as the most ambitious of our competitors, and 
more than many of them. So in both relative and 
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.eductions in fumlingfor 
federal energy projects enabled the 
U.S. to finame its spectacular 
growth in bask research. 


absolute terms we would appear to be in good shape 
to maintain our technological leadership. 

However, impressive as those figures are, they may 
mask a serious weakness. The federal government 
supports nearly half of U.S. R&D—about $55 bil¬ 
lion—to meet public needs. These include space, 
health, energy, and, particularly, defense, reflecting 
the post-World War II role of the United States in 
anchoring the security of the free world. In fact, we 
spend far more of our R&D funds than our inter¬ 
national competitors on objectives other than 
strengthening industry’s ability to compete. To me, 
that looms as the central issue in examining the U.S. 
relationship between government and industry. We 
must capture substantial long-term benefits for our 
industry from the $55 billion in federal R&D that 
can be used to strengthen U.S. competitiveness. 

The key question then becomes: how much does 
that federal R&D contribute to our industrial tech¬ 
nical strength? To get a handle on that, we have to 
look at a little history. 

In the decades after World War 11, technology 
spinoffs from federal R&D—particularly in de¬ 
fense—helped lay the foundation for some of today’s 
most successful industries, including computers and 
commercial jetliners. Thus, industry was strongly 
stimulated by and benefited from this federal role. 
But the commercial market for technology has ex¬ 
panded tremendously in the past decade or so. Today 
industry, not government, is pushing hardest at tech¬ 
nological frontiers in many areas. For example, gov¬ 
ernment relies heavily on industry to provide it with 
state-of-the-art electronics of every kind. Similarly, 
the proliferation of commercial firms trying to stake 
out positions in the biotechnology market is trans¬ 
forming a field dominated by government and uni¬ 
versities into one with strong industrial leadership. 

My own discussions with industrial leaders con¬ 
firm that there’s been a striking decline in industry’s 
dependence on government to stimulate the devel¬ 
opment of new commercial technology. But at the 
same time there’s been an equally striking increase 
in industry’s reliance on two items it can’t produce 
for itself. One is the fundamental knowledge that 
ultimately drives the process of industrial innova¬ 
tion—tomorrow’s equivalent of the quantum theory 
of solids. The other is the new technical talent that 
can use that knowledge to respond to industrial op¬ 
portunities. So the more that industry has become 
the prime developer of new technology, the more it 


has become dependent on universities. Ironically, the 
ivory towers are emerging as the bulwarks of in¬ 
dustrial competitiveness in the 1980s. 

The First Four Years 

The Reagan administration took decisive steps dur¬ 
ing the past four years to adjust the federal role to 
this new reality. With strong bipartisan congres¬ 
sional cooperation, the administration has beefed up 
support for basic research, focusing particularly on 
engineering and many of the physical sciences. We 
have also tried to build an adequate supply of people 
well-trained in these areas and able to apply the 
results in development projects chosen and funded 
by industry. At the same time, government has 
moved out of the development of technology that 
industry is far better qualified and motivated to do. 

The most striking example of how the government 
can flounder in development has been in energy tech¬ 
nology. For the billions of dollars spent on energy 
development in the 1970s, our biggest return was a 
lesson in Economics lA—the law of supply and de¬ 
mand as it operates in the marketplace. Those ex¬ 
pensive federal programs, which never did offset any 
significant amount of imported oil, were launched 
on the premise of “technology push’’ rather than 
“demand pull.’’ However, they were overtaken by a 
combination of marketplace responses that held 
down oil prices and made most alternative sources 
of energy uncompetitive. 

Reductions in funding for federal energy projects 
enabled the United States to finance its spectacular 
growth in basic research (see the chart on page 48, 
left). This shift in priorities is one of the clearest 
manifestations of the administration’s science and 
technology policy. Basic research, for the first time 
ever, has climbed from the smallest fraction of non¬ 
defense R&D to the largest—from 27 percent to 38 
percent. At the same time, development has dropped 
from the lion’s share—42 percent—to the smallest, 
at only 27 percent. What we’re saying is that basic 
research is clearly the federal government’s respon¬ 
sibility, while development of new commercial tech¬ 
nologies is best left to the private sector. Of course, 
that situation is totally different in defense R&D. 
Because the government is the only customer for 
defense technology, there is no comparable means 
of shifting development funding to the private sector. 

The pattern of growing support for basic research 
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To start with, ours is in Scotland, 
a country with a world-wide reputa¬ 
tion for irmovation and development. 

Where the new technologies 
have taken root at an astonishing rate. 

Where more silicon chips are 
manufactured per capita than in 
Japaa 

And where more graduates are 
produced per capita than in any other 
country in Europe. 

Better still, the West of Scotland 
Science Park has been established by 
the Scottish Development Agency 
and not just one, but two of Scodand’s 
leading universities, Glasgow and 
Strathclyde. 

Their research teams already 
work so closely with industry that 
much of what they innovate goes 
straight into production. 

From oscillating quartz deposi¬ 
tion monitors for measuring and con¬ 
trolling thin film thickness on optical 
and semi-conductor components to 


human monoclonal antibodies for 
commercial applications. 

The West of Scodand Science 
Park is a catalyst bringing academics 
and industrialists into closer 
collaboration than ever before. 

Both universides provide direct 
access to their senior staff, their 
laboratories, their hbraries, their 
computer systems and their business 
schools. 

Pcirk Mcinagement provides all 
the necessary introductions, together 
with something you may not find on 
other science parks. 

Commitment 

We are dedicated to making 
your involvement here tin outstand¬ 
ing commercial success. 

A fact clearly evident in the 
specicJ environment we have created 
on the Park itself. 

Where acres of mature 
woodland, meadows cind riverbank 
surround low-density advance units. 


And where premises can, if the 
need arises, be custom-built 

Indeed, the whole setting is 
more Uke a country estate than an 
industrial estate. 

Yet it’s only 20 minutes from 
Glasgow city centre and Glasgow 
Airport. 

So if you’re in high tech, whether 
R and D or manufacturing, and 
you’re looking for the best place for 
your business to grow, well - 
congratulations. 

You’ve just found it 
Now come and see it 
You’ll soon understand why 
we’re bubbling over with enthusiasm. 

WEST OF SCOTLAND 




■MHUBMt <■■■■■ 

—■■■■■■■■! ■■■■■■ 

M ■■■■■■ 

nBBiBBBBBBBtfaaaaBBBBBB 
-IBBBBBBBBBBBBBaBBBaBBB 


SCIENCE PARK 


Contact: Dr Colin Bond at LOl Kelvin Campus, West of Scotland Science Park, Glasgow G20 OSP. Tel. 041-946 716L 























































































































The federal government’s while development has 
allocation of funds for non- moved in the reverse direc- 
defense R&D has changed tion. The vertical line be- 
drastically over the past tween fiscal years 1981 
four years. Basic research and 1982 corresponds to 
has jumped from the small- the transition between 
est fraction to the largest, administrations. 



shows up across the board. The five largest R&D 
funding agencies—the National Aeronautics and 
Space Adminstration, the Department of Defense, 
the Department of Energy, the National Science 
Foundation, and the National Institutes of Health— 
have shown strong and consistent growth over the 
past four years {see the chart above right). Together 
these agencies account for about 90 percent of all 
federal support for basic research. Moreover, their 
growth follows either level or declining budgets in 
real terms during the five previous years. That’s an 
important turnaround that many observers have still 
not grasped. Overall, the United States will spend 
just under $8 billion for basic research in this fiscal 
year, in contrast with just $5 billion spent in fiscal 
1981. 

Similarly, funds for basic research targeted 
specifically to universities and colleges have in¬ 
creased substantially {see the chart on page 50). 


Funding for basic research past four years following 
among the five iargest R&D half a decade of either 
agencies, which account ievel or declining budgets 
for 90 percent of all federal in real terms. The fiscal 
support for basic research, 1985 total for basic re- 
has shown strong and con- search is almost $8 billion, 
sistent growth over the up from $5 billion in 1981. 



These funds declined consistently from 1968 to 1979 
and remained steady for the next two years. But since 
1981, that support has grown by nearly 30 percent 
in real terms. Yet even though the basic research 
budget was expanding dramatically, we had no il¬ 
lusions about the necessity of spreading those in¬ 
creases evenly among disciplines, and certainly no 
illusions that we had to make sure that as many 
researchers as possible got their share of it. That 
wasn’t how we did science in past four years, and it 
won’t be in the next four. 

Instead, we followed two general principles in de¬ 
ciding which projects to fund. We demanded that 
research be tbe best we could identify, even if that 
meant cutting back or eliminating ongoing projects. 
In light of the abundance of high-quality research 
projects needing support, we would have been der¬ 
elict in our duty if we allowed limited resources to 
Continued on page 50 
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Federal funds granted 
specifically to universities 
and colleges for basic re¬ 
search grew by about 30 
percent during the first 
Reagan term. That fol¬ 
lowed two years of essen¬ 


tially no growth and more 
than a decade of declining 
funds. The administration 
thinks this investment will 
help guarantee the nation’s 
continuing industrial com¬ 
petitiveness. 



be siphoned off to anything but the best. We also 
concentrated funding in areas most likely to benefit 
society, or where we could sense pure scientific ex¬ 
citement waiting to be turned loose. 

The strong emphasis by the National Science 
Foundation (NSF) on engineering projects and re¬ 
search centers reflects this goal. Programs in super¬ 
computers, mathematics, and materials research 
have also been expanded. Topics of pure scientific 
excitement that may benefit society include many 
areas of biology such as neurobiology, which we feel 
may be most exciting of all; particle physics, because 
it deals with the most fundamental questions im¬ 
aginable and attracts some of our brightest young 
people; and space science, because our exploratory 
tools now allow us to take giant steps in understand¬ 
ing the macro environment. At the same time, we 
cut back support in areas where research did not 
offer enough intellectual excitement or industrial po¬ 


tential. The cuts in some of the social sciences were 
an example. 

The decision to terminate the Isabelle Project at 
Brookhaven National Laboratory on Long Island 
was another example. Although the huge particle 
accelerator was years behind schedule, hundreds of 
millions of dollars over budget, and being overtaken 
by progress at other experimental facilities, there was 
a tacit assumption within part of the physics com¬ 
munity that the project, once started, was guaranteed 
completion. However, the administration asked the 
high-energy physicists to determine which major fa¬ 
cilities should receive priority. The recommendation, 
which the community would probably never have 
made without this prod, was to terminate Isabelle 
to ensure adequate support for more productive fa¬ 
cilities at Fermilab outside Chicago, and at the Stan¬ 
ford Linear Accelerator Laboratory in Palo Alto. 

Five Areas for Improvement 

These considerations will continue to play the dom¬ 
inant role in science and technology policy in the 
coming four years. We will emphasize strong growth 
for basic research, especially at universities; pro¬ 
grams to ensure more and better-trained technical 
talent; better cooperation between universities and 
industry; strong growth in defense R&D; and clear 
delineation of the responsibilities for R&D between 
the federal government and the private sector. 

In spite of the changes that we’ve already made, 
much more remains to be done. I see five major 
concerns characterizing federal R&D programs in 
coming years. 

□ First, government must help colleges and uni¬ 
versities attract and retain faculty of the highest qual¬ 
ity. In simple terms, that means improving the 
campus climate so that ambitious scientists and en¬ 
gineers won’t feel compelled to take jobs in industry 
if they want to be competitive in research. An aca¬ 
demic brain drain is ultimately devastating for uni¬ 
versities and industry alike, because universities 
simply won’t have enough faculty to teach students, 
particularly in the fastest moving areas of science 
and engineering. And without newly trained talent, 
new industrial technology will dry up. 

Of course, overall support for university research 
has increased. And we’ve taken important steps to 
rejuvenate funding for campus instrumentation, im¬ 
prove access of university researchers to supercom- 
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puters, and establish the presidential young- 
investigator program to attract and retain new fac¬ 
ulty in critical disciplines. In addition, after a half- 
year review, a panel chaired by David Packard will 
soon make several recommendations for further ac¬ 
tion to strengthen universities for their long-term job 
of generating knowledge and talent to meet national 
needs. 

□ The second area of emphasis for government sup¬ 
port is the generation of basic knowledge, especially 
in areas of particular importance to industrial com¬ 
petitiveness. The newly emerging biotechnology in¬ 
dustries exist today because of decades of federal 
support for basic research in molecular biology. We 
should make sure that we’re investing in comparable 
kinds of frontier research to fuel tomorrow’s new 
technologies. 

For example, we have expanded and redirected 
the biotechnology research within the Department 
of Agriculture. We hope the new program will at¬ 
tract highly qualified scientists who might not oth¬ 
erwise be interested in agricultural problems. 

We’ve also made good progress in restoring sup¬ 
port for basic research within the Department of 
Defense, especially at universities. At one time DOD 
suported much of the best university basic research. ' 
And DOD funds were largely responsible for the 
strength of some of today’s major research univers¬ 
ities, such as Caltech and M.I.T. That productive 
relationship has never really recovered from the 
Mansfield Amendment of the late 1960s, which pre¬ 
vented DOD from supporting research unless it 
could be directly tied to the defense mission. 

We’re rebuilding now because America’s 
strength—our leverage over the Soviet Union— 
comes from the quality of the technology we’re able 
to apply to defense systems. The Defense Depart¬ 
ment needs both technically trained people and 
broad access to knowledge about science and tech¬ 
nology that emerge from basic research. The best 
means to assure the availability of both is to fund 
research in universities. 

At the same time, we place high priority on main¬ 
taining the open communication of scientific results 
that has made our university system the world 
leader. During the past two years, there has been 
concern in the scientific community over a few in¬ 
cidents in which the government imposed restric¬ 
tions on scientific papers originating in unclassified 
research projects. In response to those concerns. 



C^ovetnmeiU must help 
colleges and universities attract 
and retain faculty of the 
highest quality. 
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“The federal government 
must constantly endeavor 
to strengthen the private 
economy while supporting 


research and development, 
particularly in universities, 
to train tomorrow’s indus¬ 
trial and academic scien¬ 


tists and engineers,’’ 
stated President Ronald 
Reagan, seen here consult¬ 
ing on science and tech¬ 


nology policy with the 
author, presidential sci¬ 
ence advisor George A. 
Key worth II. 


we’re in the final stages of preparing guidelines and 
regulations that restate and protect the basic policies 
of free communication. Only classified information 
will be restricted, and very little academic research 
is classified. We must distinguish between the trans¬ 
fer of technology to our adversaries—a serious, well- 
documented problem—and the flow of scientific in¬ 
formation, which must remain essentially un¬ 
impeded. 

□ Emphasis number three concerns changes we 
have made in government’s traditional support for 
university research on a narrow, project-by-project 
basis. That method, while very successful for prog¬ 
ress within narrow disciplinary boundaries, is se¬ 
verely limited in its usefulness to broad areas of 
industrially important topics. 

I’m particularly excited about the new program 
in the National Science Foundation to establish 
cross-disciplinary centers for engineering research. 
There, faculty from many different departments can 
work together on industrial problems that none 
could solve on their own. And these centers will 
enable students to receive the kind of practical ex¬ 
perience in solving problems just not available at 
universities today, and will allow industry to help 
determine which advances can most likely be applied 
to commerce. 

Universities are very enthusiastic about partici¬ 
pating in this kind of program. In the first round of 
proposals for these engineering centers, NSF was 
inundated by 142 proposals from 106 different 


schools, from which up to 10 will be chosen. Even¬ 
tually the program will be expanded, but before that 
happens we need to be sure the initial centers are 
working well. We must also get a sense of what the 
balance in support should be between such interdis¬ 
ciplinary centers and traditional programs. 

□ The fourth major responsibility of government is 
to find better ways to stimulate the flow of ideas, 
expertise, and people among the federal laboratories, 
universities, and industry. One-sixth of the nation’s 
scientists and engineers are employed in federal lab¬ 
oratories, which have a combined annual budget of 
some $18 billion. These superb resources are often 
underutilized. We should find ways to reap substan¬ 
tial industrial benefit from a federal investment of 
that magnitude. 

A year ago the White House Science Council rec¬ 
ommended that we take better advantage of the tal¬ 
ent in the labs and bring their missions more in line 
with national needs. In accordance with these rec¬ 
ommendations, lab directors are now given more 
discretion in using research funds. Lab missions are 
also being updated and revised, and the labs are 
cooperating with universities and industry. 

One practical result is the effort to marry the tech¬ 
nical expertise of the labs with the needs of the steel 
industry. The national labs will not do the steel com¬ 
panies’ jobs for them; this program provides access 
for a threatened and important domestic industry to 
existing taxpayer-supported technical resources. The 
Oak Ridge and Argonne National Labs are trying 
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to identify areas where concentrated R&D could 
significantly improve steelmaking efficiencies. 

□ Finally, the fifth goal of government is to be more 
responsive to opportunities to support emerging 
technologies. For example, the same federal pro¬ 
grams that made possible the birth of today’s bio¬ 
technology industry have neglected generic applied 
research in bioprocess engineering, despite the ex¬ 
penditure of billions of dollars. This research, which 
is necessary to facilitate development of industrial 
products, includes development of thermodynamic 
data and principles of biosensing for process and 
quality control. We’re in real danger of letting other 
countries assume the industrial lead in profitable new 
fields of technology that American scientists have 
done most to establish—and that American taxpay¬ 
ers have underwritten. 

The Promise of Space 

That danger is certainly a driving reason for our 
determination to create improved opportunities for 
commercial activities in space. Under the umbrella 
of the National Space Strategy, signed by the pres¬ 
ident last August, we’re encouraging the develop¬ 
ment of private-sector launch services and other - 
space-based industry. Now that the space-shuttle 
fleet is almost fully operational and cost-effective, 
we must expand on our advanced space technologies 
hy bringing in the special perspectives and market- 
oriented motivation of the private sector. 

We hope soon to establish full-cost pricing for 
shuttle launch services. We expect these prices to be 
competitive for the kinds of highly sophisticated ser¬ 
vices that the shuttle can provide. At the same time, 
that price schedule should allow room for companies 
producing expendable launch vehicles to maneuver, 
and we certainly expect them to provide alternatives 
to both the shuttle and the Europeans’ expendable 
Ariane system. 

The U.S. space program is confronting two 
paths—the practical and the visionary. My firm 
opinion is that we have to follow both paths ag¬ 
gressively. Only by continuing to push at the bound¬ 
aries of the vast space frontier will we be able to 
assure our world leadership in the more practical 
space technologies. We must also provide opportun¬ 
ities for the private sector to use its vision and crea¬ 
tivity in addressing the enormous challenge in space. 
Accordingly, we’re working to give federal agencies 


other than NASA responsibility for commercializing 
space activities. We intend to reserve NASA for what 
it does best—research and development—and to 
generate far greater involvement of the private sector 
in what it does best—serving commercial needs. 

Our manned and unmanned space programs have 
been remarkably successful, and we need to maintain 
both thrusts. The repair in space of the Solar Max 
satellite and the retrieval of two lame communica¬ 
tions satellites last year reminded us that the brains 
and dexterity of people can be crucial in space, even 
though automated equipment is adequate for many 
routine operations. Of course, one of the glories of 
the U.S. space program is its success in long-distance 
unmanned missions. We would be foolish not to take 
advantage of our capabilities in robotics, advanced 
communications, and computers as we plan for new 
commercial ventures. Thus, one of the challenging 
tasks in designing the space station now being 
funded is to decide which objectives should be met 
by humans. Industrial participation in the early plan¬ 
ning stages for the station will ensure that it will 
serve industry’s needs. 

Challenge for the Future 

The progress over the past four years has shown 
that we can harness basic research to achieve societal 
goals. But my continuing concern is that we can do 
more, and that our piecemeal approach fails to cap¬ 
ture truly the potential that a $55 billion federal 
R&D program holds out. We want to see a better 
balance in federal R&D spending between essential 
mission requirements and the strong science and 
technology needed to support American technolog¬ 
ical leadership. 

I believe that the science community, the univers¬ 
ities, the administration, and Congress can make 
great progress in strengthening science and technol¬ 
ogy in coming years. Perhaps more than at any time 
in the recent past, we have a firm sense of our na¬ 
tional needs and of the actions we have to take to 
build a base for long-term growth and prosperity. 


GEORGE A. KtlYWORTH II is science aih'isor to President Ronald 
Reagan and director of the White House Office of Science and Tech¬ 
nology Policy. He assumed his post in I9H] after 13 years as a nuclear 
physicist at the Los Alamos National Laboratory. This article is an 
updated and expanded version of a speech given to the Council for the 
Advancement of Science Writing. 
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Charting the Way 
the World Works 


BY DONELLA H. MEADOWS 


T he Limits to Growth, which I wrote with 
several co-authors in 1972 to provide a 
popular account of the first global com¬ 
puter model, created an uproar that still echoes. 
Much of the problem was and remains public con¬ 
fusion about global models. The media depicted 
our model, done by the Systems Dynamics Group 
at M.I.T.—and the models that followed and 
sometimes challenged ours—as crystal balls pre¬ 
dicting the future of almost everything and up¬ 
holding wildly pessimistic or optimistic views of 
the world. 

In fact, global models are not meant to predict, 
do not include every possible aspect of the world, 
and do not support either pure optimism or pure 
pessimism about the future. They represent math¬ 
ematically assumptions about the interrelation¬ 
ships among global concerns such as population, 
industrial output, natural resources, and pollu¬ 
tion. Global modelers investigate what might hap¬ 
pen if policies continue along present lines, or if 
specific changes are instituted. For example, par¬ 
ticular models have asked what would happen if 
growth continued at its present rate, if the Eu¬ 
ropean Common Market increased grain exports. 


or if infinite, free energy became available. 

V Since the first global model, the discipline has 
spread throughout the world. The Japanese have 
a global model. The Russians have, as far as I 
know, three of them. The World Bank and the 
United Nations have produced several models. To 
refute those coming from the rich countries, sci¬ 
entists in Latin America produced a model of their 
own. The U.S. Joint Chiefs of Staff commissioned 
a new version of a global model at a cost of $1.4 
million. At a 1981 conference of the International 
Institute of Applied Systems Analysis (IIASA) in 
Vienna, representatives from 20 global-modeling 
groups made presentations. And no one knows 
how many other models exist within governments 
a^nd corporations around the world. 

Not surprisingly, the initial assumptions of 
these various global modelers are incredibly dif¬ 
ferent. First, they disagree on methodology: Is it 
better to simulate the world as it exists, or to 
construct a model that optimizes it as it might 
be—if, for example, every government made basic 
human needs a first priority? Is it better to make 
guesses about “soft” factors such as political sta¬ 
bility or to ignore them altogether? 


Though they are 

mule with conflicting ideologies in diverse imtions, 
all global models bcusically agree on how 
to imprwe the state of the world. 
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a catalog of the unceiiainties 
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Then, there are substantive disagreements among 
the global modelers, which form a catalog of the 
uncertainties of our era. To what extent do free mar¬ 
kets actually exist? How vulnerable, really, is the 
ecosystem? Does technology appear unexpectedly or 
as a result of social processes that can be controlled? 
Do governments act independently, and how much 
are they trapped by forces larger than themselves? 

Above alb or perhaps I should say below all, be¬ 
cause they are rarely addressed explicitly, are the 
divisive moral issues. Is man’s inhumanity to man 
the primary global wrong, or is it destruction of the 
environment? What assumptions about human na¬ 
ture and political legitimacy do we who construct 
global models inadvertently build into them? What 
is our social responsibility: to serve a system or to 
challenge it, to raise questions or to provide answers, 
to redesign social systems or to empower others to 
do so? 

The methods and philosophies of global modelers 
are so diverse that one would hesitate to call the 
models a single body of intellectual work, except 
that they are directed tow-ard the same intertwined 
problems: population growth, poverty, resource 
scarcity, environmental deterioration, and interna¬ 
tional instability. Another point of commonality is 
that many of the models were made in response— 
sometimes heated response—to the ones that came 
before. Especially when the discipline first began, a 
major purpose of each model was to discredit the 
others and show how the whole exercise should be 
done. Thus, collectively the global models constitute 


a fascinating international debate. They reveal the 
world’s knowledge, uncertainty, and opinion about 
global problems. 

They do so in terms that are relatively precise and 
unemotional, adding a mathematical rigor to dis¬ 
cussions of world issues. Every term must be defined 
precisely. Everything that is sold must be bought. 
The amounts of energy, labor, and capital allocated 
to various sectors of the economy cannot exceed the 
total amounts available. Such unremarkable and 
even simple-minded requirements allow more ex¬ 
plicitness, complexity, and logical consistency than 
can ever be expected from the only other source of 
understanding about the world: the models in peo¬ 
ple’s heads. 

The world system is enforcing its regularities on 
the modelers. When the Japanese, the Soviets, the 
Americans, the Europeans, and the South Americans 
step back and attempt to integrate their most trea¬ 
sured assumptions about the planet, they find them¬ 
selves in substantial agreement. Given the different 
starting points, the debate about global issues is lead¬ 
ing to a surprising convergence of opinion. 

Action and Reaction 

The first global model was developed at the behest 
of the Club of Rome, a group of policymakers, ac¬ 
ademics, and managers who met in Bern, Switzer¬ 
land, in 1970 to discuss 66 world problems such as 
hunger, pollution, and crime. The problems seemed 
interconnected, so Carroll Wilson of M.I.T., a mem- 
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ber of the club’s executive committee, had invited 
someone he thought could draw the connections: his 
colleague Jay W. Forrester of M.I.T.’s Sloan School 
of Management. Forrester proposed constructing a 
global computer model. On the way home from the 
meeting, he worked out a rough model he called 
World 1 on the back of an envelope, and then 
amplified it into the first detailed global model, called 
World2. A team headed by Dennis Meadows, then 
also at M.I.T., refined this model into Worlds, the 
basis for The Limits to Growth. 

World! and Worlds are intended to answer a sim¬ 
ple question that can be put this way: Population 
and capital growth are inherently exponential. The 
world’s population is growing at such a rate that, if 
it were to continue, it would double in 40 years, 
quadruple in 80 years, and increase eightfold in 120 
years. The physical growth of capital equipment, 
housing, and infrastructure is proceeding even more 
rapidly. Forrester asked what might ultimately limit 
population and physical growth on this finite planet, 
and how the world’s adjustment to its limits might 
be smooth and controlled rather than unexpected 
and violent. 

He concluded that no process exists that can re¬ 
liably adjust today’s exponential growth to the 
earth’s limits, whatever they may be. Delays are too 
long, both in the process of making decisions and 
the time it takes for results. For example, so many 
children have already been born that even if each 
couple from now on averaged two offspring, pop¬ 
ulation would continue growing for 70 years. 
Though industry might stop polluting, its toxic waste 
would linger in the environment for decades. The 
world’s machines are too dependent on nonrenew¬ 
able resources and too long-lived to be replaced 
quickly by machines that can use renewable re¬ 
sources. And the value of growth for its own sake 
is too deeply embedded in industrial culture for a 
different value to be quickly adopted. 

Unless some deliberate process to slow growth is 
implemented, Forrester found, the most likely future 
will be “overshoot and collapse’’—an irreversible 
destruction of tbe resource base followed by a de¬ 
cline in capital and population. However, if societies 
design a sustainable, equitable system instead of 
trying to correct problems caused by growth with 
still more growth, there are enough time and re¬ 
sources to provide a desirable standard of living for 
everyone. 


The scientific community criticized World! and 
World3 on several grounds, one being that they did 
not distinguish among different regions of the world. 
Thus, Mihaijlo Mesarovic at Case Western Reserve 
University, and Eduard Pestel at the Technical Uni¬ 
versity in Hannover, West Germany, designed the 
World Integrated Model (wim), to explore the same 
questions with more regional detail. These scientists 
reached similar conclusions, except that their warn¬ 
ings were expressed in even more urgent and dire 
language. 

Over the years wim has been modified, updated, 
and made more detailed at the behest of numerous 
clients, including several U.S. agencies and countries 
such as Mexico and Iran (during the shah’s regime). 
This is the model that is being adapted for use by 
the U.S. Joint Chiefs of Staff. 

Another criticism of World! and World3 came 
from citizens of the Third World, who read into The 
Limits to Growth the implication that growth must 
stop in such a way as to freeze poor nations into an 
eternal state of poverty. They responded with the 
Latin American World Model, made at the Funda- 
cion Bariloche in Argentina. This model is con¬ 
structed around an explicit value: meeting basic 
human needs. 

According to the model, the world could work 
well with that priority. Latin America and Africa 
could meet the basic needs of their entire populations 
through their own efforts by the year 2000. Asia 
would take longer and require outside aid. The rich 
countries would not collapse or even stagnate, and 
as human needs were met everywhere, the popula¬ 
tion would stabilize. 

The Bariloche group did not explicitly model en¬ 
vironmental and resource problems. But the model¬ 
ers say that the planetary stresses of a just society 
would be much less than those of the greed-and- 
growth-oriented world of today. They estimate that 
decent living standards could be achieved for all with 
per capita economic outputs a third to a fifth as great 
as those needed if present inequities persist. 

The modelers write that “the economically under¬ 
developed societies cannot leave their state of back¬ 
wardness following the development patterns of the 
already industrialized—but not necessarily devel¬ 
oped—societies. Even if it were possible, it is not 
desirable, as it would mean to follow tbe same road 
which led to the present situation of wasteful and 
irrational consumption, accelerated social deterio- 
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ration, and increasing alienation.” 

A coalition of agronomists from Wageningen Uni¬ 
versity and economists from the Free University of 
Amsterdam constructed a model to see if adequate 
food could be produced for the expected doubling 
of the world population—up to 6 billion by the year 
2000. They discovered quickly that there is already 
enough food for 6 billion people, so they changed 
the focus of their investigation to examine why it is 
that in a world with more than enough food, hunger 
persists. 

The sophisticated model that emerged, called the 
Model of International Relations in Agriculture 
(moira), represents food production, consumption, 
and trade for 106 nations. Each has 12 income 
classes and a government that may interfere with 
internal pricing and trade flows to satisfy political 
priorities. As each nation tries to maintain its do¬ 
mestic food supplies and prices at desired levels, it 
dumps its shortages or excesses onto the world mar¬ 
ket. The result is systematic amplification: a small 
fluctuation in wheat production in Kansas can be¬ 
come a major wave in consumption in Ghana. Large, 
rich countries can buffer their interface with the 
world market at considerable expense but small, 
poor countries cannot, and fluctuations in the world 
market sweep into their domestic markets. As the 
Dutch modelers say, “He who has the lowest dam 
gets the whole flood.” 

Hunger in this model results primarily from ine¬ 
quities in income distribution, both among families 
and among nations. These inequities are exacerbated 
by the impersonal workings of the world market. 
Measures such as food aid can have adverse effects, 
since they lower food prices in countries receiving 
the aid and discourage farming. However, two kinds 
of policies do help eliminate hunger: changes that 
give poor people the resources to earn a decent in¬ 
come, and efforts by the rich countries to keep food 
exports and imports constant so as to keep world 
prices stable and relatively high. 

When President Carter asked Gerald O. Barney at 
the U.S. Council on Environmental Quality to study 
global prospects for the year 2000, Barney gathered 
existing models and forecasts of various government 
branches. These included population projections 
from the Census Bureau, food projections from the 
Department of Agriculture, and so forth. The result, 
called the Global 2000 model, was not only a rich 
collection of information about the world, but a fas¬ 


cinating comment on the state of global understand¬ 
ing of one of the world’s most information-rich 
governments. The separate forecasts had never be¬ 
fore been coordinated, and their makers often were 
not even aware that other projections existed. The 
assumptions and methods of these forecasts were not 
necessarily consistent. Indeed, the study concluded 
that “at present the executive agencies of the United 
States Government are not capable of presenting the 
President with internally consistent projections of 
world trends in population, resources, and the en¬ 
vironment for the next two decades.” 

Even though these projections were not internally 
consistent, they were consistently gloomy. Global 
2000 has become famous for that gloom, as if the 
study itself rather than separate government offices 
had produced the forecasts. The summary statement 
reads: “If present trends continue, the world in 2000 
will be more crowded, more polluted, less stable 
ecologically, and more vulnerable to disruption than 
the world we live in now. Serious stresses involving 
population, resources, and the environment are 
clearly visible ahead. Despite greater material out¬ 
put, the world’s people will be poorer in many ways 
than they are today. 

“For hundreds of millions of the desperately poor, 
the outlook for food and other necessities of life will 
be no better. For many it will be worse. Barring 
revolutionary advances in technology, life for most 
people on earth will be more precarious in 2000 than 
it is now—unless the nations of the world act de¬ 
cisively to alter current trends.” 

The Global 2000 staff’s own contribution to the 
bad news was to point out that the various forecasts 
are probably too optimistic because they were made 
independently. The energy forecasts assumed that 
enough capital would be available, the capital fore¬ 
casts assumed that there would be enough energy, 
and the agriculture forecasts assumed that there 
would be enough of both. Because the sectors were 
not linked, as they are in most global models, they 
did not set up any of the truly difficult trade-offs 
that must be made in the real world. 

These are but a few examples to illustrate the va¬ 
riety of the global models. Each model asks a par¬ 
ticular question and focuses on one aspect of global 
complexity, each expresses the cultural and meth¬ 
odological viewpoint of its makers, yet each is con¬ 
strained by mathematical rigor and the world 
database. However interesting the individual models 
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are, I think their real value is in their juxtaposition. 
As each explicit representation of the world is added, 
the collection begins to hint at common insights into 
how the complex global system behaves and how it 
can be better managed. 

The Common Ground 

The common conclusions among the world models 
are both unsurprising and revolutionary. At some 
level nearly everyone understands how the world 
works, yet governments and people do not often 
operate in accordance with their understanding. 
While knowing that the world is an interdependent, 
richly varied system, we act daily as if it were made 
up of simple, separate pieces. Knowing that coop¬ 
eration works better than competition, we continue 
to compete. Knowing that short-term results often 
differ from long-term ones, we go for the short-term 
payoff. Knowing that the environment flows through 
us with every breath, drink, and meal, we still think 
of nature as distinct from humanity. 

I have chosen common conclusions from the 


global models and have expressed them in my own 
words. But 1 believe each global modeler would agree 
that his or her work supports these conclusions, or 
at least does not contradict them: 

□ Existing resources and known technologies can 
support all the needs of the world’s people today 
and for some time to come. People’s needs are not 
being met and resources are being degraded because 
of inequities, wastefulness, and mismanagement, not 
because of any immediate physical scarcity. 

The models illustrate this point with resounding 
unanimity, moira shows how the world trade sys¬ 
tem transforms more than enough food for everyone 
into hunger for one in five. The IIASA Energy Model 
emphasizes how many technical options actually ex¬ 
ist to supply energy. World3 shows how it is possible 
to make a transition to an economy that uses re¬ 
newable resources to sustain high living standards 
for everyone. 

The earth is a diverse, abundant planet. However, 
the assumption that most pervades decision making 
in our era is that there is scarcity. The reaction is to 
hoard and try to increase short-term production. 
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This reinforces the perception of scarcity in the short 
run and can create actual, though unnecessary, scarc¬ 
ity in the long run through wastefulness and deg¬ 
radation of resources. 

□ Population and physical capital cannot grow for¬ 
ever on a finite planet. Though overall scarcity does 
not now exist for the global society, it can be gen¬ 
erated if rapid growth continues. 

All the models recognize problems connected with 
population growth, even though some modelers be¬ 
gan with strong reactions against the “anti-natalist 
bias” of World2 and World3. Agreement on the need 
to limit physical growth (of capital goods, infrastruc¬ 
ture, and housing) is less unanimous, chiefly because 
some models represent the economy only as a flow 
of money rather than a stock of physical equipment. 
They do not account for the fact that physical equip¬ 
ment, like population, takes up space, requires a 
constant stream of energy and raw materials, and 
continually emits wastes. 

A steady growth of electrical generating plants, 
factories, or any other capital equipment at 3.5 per¬ 
cent per year, a typical goal for industrial societies, 
implies a 32-fold multiplication in a century. It is 
not surprising that real growth rates rarely stay that 
high for that long. It is only surprising that so many 
people believe they should. The important questions 


are not how to promote all kinds of physical growth 
everywhere, but rather what kinds of growth should 
be encouraged in what places for how long to shape 
a sustainable and desirable way of life for everyone. 

□ No reliable, complete information is available 
about the degree to which the earth's environment 
can absorb the wastes created to meet human needs. 
The global models have mostly tried to quantify en¬ 
vironmental stresses—such as how much carbon 
dioxide or sulfur pollution is dumped into the at¬ 
mosphere—but they have not studied the ecosys¬ 
tem’s reactions to those stresses. And even the effort 
to measure the stresses has shown that the data are 
totally inadequate. No reliable data exist on soil ero¬ 
sion, groundwater pollution, or disposal of radio¬ 
active waste. The makers of the U.N. World Model 
and wiM gave up on their environmental sectors for 
lack of information. Specific environmental effects, 
such as the death of forests in Europe, are only now 
beginning to be modeled seriously. 

A conclusion of “we don’t know” may not sound 
like much of a conclusion, but it is useful information 
in a world where policy is dominated by the belief 
that we do know, and that the limits to how much 
stress the environment can absorb are centuries 
away. 

□ If continued, present policies will lead to an in- 
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creasing gap between rich and poor. The world eco¬ 
nomic system is structured to behave exactly the way 
it is now behaving. Further operation of the system 
will not all of a sudden produce equity or eliminate 
poverty. 

The models show that even fairly massive adjust¬ 
ments, such as vastly increased foreign aid, would 
not significantly redress global inequities. For ex¬ 
ample, in the IIASA Food and Agriculture Program 
model, 30 million tons of “free grain from outer 
space” were added to the world market annually. 
The result was that meat consumption in the rich 
countries rose, but hunger in the poor countries did 
not decline. The world system is replete with subtle 
mechanisms that capture any gains made in less- 
powerful parts and redistribute them to more-pow¬ 
erful parts. However, several models suggest that 
conscious policies to improve the lot of the poor can 
succeed without major sacrifice by the rich. 

□ Technology can help but is not the answer. No 
set of purely technical changes tested in any of the 
models was enough in itself to bring about a desir¬ 
able future. This is epitomized by the finding that 
providing infinite, cheap energy, with no other 
change, simply exacerbates inequality, population 
growth, and environmental problems. Providing 
land or education for the rural poor in several models 
was much more beneficial to them than providing 
technologies that increase agricultural yields. 

In the process of making a global model, one has 
to discard fuzzy mental-model concepts of technol¬ 
ogy as either the cost-free solution to all problems 
or the source of all evil. From a systems point of 
view, technology looks more like a tool to achieve 
goals. If a society’s goals are to maximize material 
possessions, resolve conflicts through military 
aggression, and maintain hierarchies of power, its 
technologies—no matter how powerful—will not 
suddenly produce peace, justice, or environmental 
quality. 

□ The interdependence among peoples and nations 
is much greater than commonly imagined. Actions 
taken at one time and on one part of the globe have 
far-reaching and long-term consequences that are 
impossible to predict intuitively. 

The models constantly surprise even their mak¬ 
ers—as when moira found that a small change in 
Kansas wheat production can undermine Nigerian 
food policy. A Japanese world model showed that 


that country’s economy rises or falls with the welfare 
of its poorer Pacific-basin neighbors. When modelers 
simulated what would happen if all trade barriers 
were lifted, the results were very complex. Some na¬ 
tions benefited greatly while others lost badly, and 
it was surprising to see which nations fell into which 
groups. Free trade is neither the panacea nor the 
disaster that its advocates and opponents portray. 

The results of economic shocks such as the 1973 
oil price rise reverberate not only among all nations 
but also over decades of time. Some models indicate 
that the economic system still has not settled down 
from the turbulence caused by the first oil price 
shock, much less the later ones. 

Most governments, especially of large nations, still 
assume that they can win while others lose. They 
believe they can act independently, without creating 
political, economic, or environmental repercussions 
outside their borders that will return to haunt them. 
When the repercussions come, they will continue to 
be surprised. 

□ Policy changes made soon are likely to have more 
impact with less effort than the same changes made 
later. By the time the need to face a problem becomes 
obvious, there may be no easy solution. 

Resource pricing provides one of the classic ex¬ 
amples of this principle. According to wiM, steady, 
slow oil price increases, well in advance of any actual 
physical depletion, benefit both producing and con¬ 
suming countries. Gradually rising prices induce 
consumers to adopt alternatives to oil in a way that 
does not disrupt their economies, while producers’ 
revenues are maintained. In contrast, the current bat¬ 
tle between the oil cartel and the market produces 
disruptive price cycles in the short term and too- 
abrupt, too-late signals of scarcity in the long term. 

Most kinds of environmental damage, such as 
desertification and contamination of groundwater, 
are thousands of time cheaper to prevent than repair. 
In India alone, bringing the birth rate down to two 
children per couple in 1995 instead of 2005 can 
make a difference of 300 million people. Creating 
equitable distribution systems is far less painful while 
there is still an abundance to distribute. But poli¬ 
cymakers systematically postpone all such decisions 
as long as possible. 

□ Many complex mtemational programs and agree¬ 
ments are based on inconsistent assumptions. Poli¬ 
cymakers debate plans that are simply impossible to 
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achieve while failing to no¬ 
tice real opportunities. 

For example, several 
global-modeling teams have 
tried to find ways to meet 
the Lima targets developed 
by the U.N. Conference on 
Trade and Development, 
which specify what shares 
of world industrial output 
the Third World should 
provide by the year 2000. 

However, these targets were stated so vaguely that 
the teams could not represent them quantitatively 
without further interpretation. After representing 
them as best they could, the teams found the targets 
essentially unmeetable. And when they forced mas¬ 
sive, unrealistic changes on the system so the goals 
could be met, the modelers found them not even 
desirable. For example, the Latin American World 
Model found that for Africa to produce the stipu¬ 
lated amount of manufactured exports, food pro¬ 
duction, education, and housing would have to 
decline. 

If global models had no other use, they would be 
worth the price of making them just to impose clarity 
on the terms of international demands and agree¬ 
ments, and to save the trouble of arguing for con¬ 
ditions that are patently impossible to achieve. One 
case where a model has been used successfully for 
just such a purpose is in the Law of the Sea nego¬ 
tiations. Professor J. Daniel Nyhart of M.l.T. de¬ 
veloped a model of the costs and returns of undersea 
mining that was used to debunk initial assumptions 
that this technology would yield a bonanza. The 
model enabled the negotiators to agree on interna¬ 
tional licensing and taxing systems. 

A New World 

Although something within us knows better, our 
mental models and those of our leaders cling des¬ 
perately to the assumption that the future will not 
be very different from the present. Or that the future 
will be some smooth extrapolation of the present. 
Or at least that the future is to be predicted, not to 
be shaped by human decisions. 

It is not possible to maintain those assumptions 
while contemplating the long-term trends of the 
world. Global models produce thousands of differ¬ 


ent simulated futures under 
thousands of possible sets of 
policies. None of those sim¬ 
ulations proceeds far past 
the year 2000 without 
showing significant changes 
for better or worse. A 
smooth continuation of 
present trends can be ruled 
out as physically impossible. 

One hardly needs a com¬ 
puter model to discover cur¬ 
rent trends that are far from sustainable. The world’s 
use of nonrenewable resources such as petroleum 
cannot continue indefinitely. The amount of carbon 
dioxide in the atmosphere—up 30 percent since 
preindustrial times—cannot continue increasing 
without disrupting the global climate. Each year 20 
million acres of tropical forest disappear, and there 
are 80 million more people to feed. Each minute the 
world spends $1 million on armaments and 24 peo¬ 
ple starve, most of them children. 

The range of real possibilities includes some nearly 
unimaginable outcomes, including on the one hand 
nuclear winter and the end of everything, and on the 
other a world at peace in which everyone’s physical 
needs are met sustainably. Both these futures are, as 
far as our present knowledge can tell, very possible, 
and the difference between them will be determined 
by the way the world’s people understand their op¬ 
tions and the way they act. 

The global models have not given us the key to 
full understanding of our complex world. We will 
probably never have that key. What the global 
models have done, at least for those of us most 
closely involved with them, is to be what Stuart Bre¬ 
mer, director of a global-modeling group at Science 
Center Berlin, calls a “creative irritant.’’ They have 
forced us to stand back and look at all the com¬ 
plexity, admit it, be humbled by it, and yet continue 
to keep confronting it. When we do, we see far too 
many negative trends to be complacent and far too 
many positive trends to be hopeless. We mainly see 
a lot of work to do. 

t 


DONELLA H. MEADOWS, adjunct professor of environmental and 
policy studies at Dartmouth College, worked in the System Dynamics 
Group at M.l.T. on the first global model. She is coauthor of Groping 
in the Dark (Wiley & Sons, 1982), a description of the first seven global 
models, and is a research scholar of the International Institute of Applied 
Systems Analysis in Laxenburg, Austria. 
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NAME OF MODEL 


PROJECT LOCATION FOCUS OF INVESTIGATIONj 



WORLD2 

WORLDS 

M.l.T. 

Interaction of growth with physical limits ^ ' 

WIM (World Integrated Model) 

Case Western Reserve University, 
Cleveland, and Technical University, 
Hannover, West Germany 

Interaction of population, economics, and trade; regional 
differences 

Latin American World Model 

Fundacion Bariloche, Rio Negro, 
Argentina 

Alleviation of poverty, maximization of life expectancy 

MOIRA (Model of International 
Relations in Agriculture) 

Free University, Amsterdam, and 
Agricultural University, Wagen- 
ingen. The Netherlands 

Impact of world trade and government protectionism on 
world hunger 

SARUM (Systems Analysis 

Research Unit Model) 

Department of the Environment, 
London 

Effect of resource constraints on economic growth; role of 
market 

FUG! (Future of Global 
Interdependence) 

Engineering Research Institute, 

Tokyo University 

Economic forecasting, industrialization of poor countries 

United Nations World Model 

New York University and Brandeis 
University 

Impact of resources and environment on economic 
development 

GLOBUS (Generating Long-term 
Options by Using Simulation) 

Wissenschaftszentrum, Berlin 

International relations, trade, and conflict * 

SIMi GDP (System for Modeling 
Global Development Processes) 

All-Union Institute for Systems 
Studies. Moscow 

Impact of social structure on economic development 

Basic Needs Model 

International Labor Organization, 
Geneva 

National vs. international policies for meeting basic 
human needs 

Regional World IV 

Aid Association for Lutherans, 
Appleton, Wisconsin 

Role of values and social relationships In solving world 
problems 

Interfutures 

Organization for Economic Cooper¬ 
ation and Development, Paris 

Implications of world developments tor OECD domestic 
and foreign policies 

Global 2000 

US. Council on Environmental 
Quality, Washington, D.C. 

Structure of US. government's global model 

ARE AM (Australian Resources and 
Environmental Model) 

Griffith University, Queensland, 
Australia 

Impact of world developments on Australian resources and 
environment 

IIASA Global Energy Model 

International Institute for Applied 
Systems Analysis, Laxenburg, 
Austria 

Long-term options for global energy supply 

FAP Model (Food and Agriculture 
Program Model) 

International Institute for Applied 
Systems Analysis 

World food production and trade system 

AIM 

U.N. Institute for Training and 
Research (UNITAR), New Vtork 

North-South relations, equitable distribution mechanisms 

(No model name) 

Institute of Economics and 

Industrial Engineering, 

Novosibirsk, USSR 

World financial balance with rising energy prices 

GBSM80 (Global Biosphere 

System of Models) 

Computer Center of the USSR 
Academy of Sciences, Moscow 

Interactions between human activities and the biosphere 

Integrated System of World Models 

University of Bradford, UK. 

General forecasting and policy analysis 
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Using Electronics 
to Get Off the Skids 


TRENDS 





IlHBHi largely eliminate 
one of driving’s most terrify¬ 
ing situations: the uncontrol¬ 
lable skid that results all too 
often when a panicked driver 
slams on the brakes and the 
wheels lock. Antilock brake 
systems, available for some 
years in Europe, are now 
being offered on certain Ford 
and Mercedes-Benz models 
produced for the U.S. market. 
“All the driver does is push 
the brake pedal to the floor,’’ 
says A.B. Schumann of 
Mercedes-Benz. The antilock 
system ensures that braking 
will be efficient. 

Except on a smooth, dry 
road, maximum braking ef¬ 
ficiency generally occurs 
when the wheel is rotating 
somewhat more slowly than 
it would if rolling freely, but 
not when it is locked. More 
important, if the wheels lock, 
the car can’t be steered. “As 
soon as the wheel ceases to 
roll, the tire essentially be¬ 
haves like a sliding brick,’’ 
says Dick Rasmussen, head of 
the brake, tire, and steering 
group at the General Motors 
Proving Ground. 

The antilock system 
doesn’t affect normal brak¬ 
ing; it comes into play only 
when the wheels are about to 
lock. The system determines 
that this is happening by 
monitoring almost instanta¬ 
neous changes in wheel speed. 
Sensors on each wheel 
(Mercedes has one for both 
rear wheels) send electrical 
signals indicating turning 
speeds to a microprocessor. If 
lockup is imminent, the mi¬ 
croprocessor triggers electri¬ 
cally controlled valves to 
lower hydraulic pressure in 
the brake lines and reduce the 


braking force. When the 
wheels are rolling satisfactor¬ 
ily, the microprocessor in¬ 
creases hydraulic pressure. If 
lockup approaches again, the 
cycle repeats. Tbe systems are 
very fast, adjusting pressure 
as often as 10 or 12 times a 
second. 

“Controlling wheel lock 
won’t make a car skid- 
proof,’’ says Rasmussen. Too 
ambitious a maneuver on too 
poor a road will always cause 
a skid. But antilock braking 
does significantly extend the 
limits of control. In one 
Mercedes test, drivers 
slammed on the brakes in cars 
traveling with both righthand 
wheels on simulated ice and 
lefthand wheels on dry pave¬ 
ment. Cars without the anti¬ 
lock system promptly spun 
out of control; those with the 
system steered well and could 
be stopped straight. 

Unfortunately, the systems 
are expensive now. In the 
United States, antilock brak¬ 
ing is standard equipment on 
five Mercedes models and a 
S1,200 option on two others, 
and Ford offers it as standard 
only on certain Lincoln Mark 


VII and Continental luxury 
cars. “It’s not clear whether 
or when these systems will ap¬ 
pear in cheaper models,’’ says 
James Womack of the Center 
for Transportation Studies at 
M.I.T. General Motors and 
Chrysler are both doing de¬ 
velopment work on antilock 
systems. They won’t discuss 
when they might put them on 
the market, though there’s a 
rumor that next year’s top-of- 
the-line Chevrolet Corvettes 
will have them. 

If antilock braking is com¬ 
mercially successful, its abil¬ 
ity to monitor wheel speed 
might well be exploited fur¬ 
ther. “Slip control is the next 
step,’’ says Schumann. This 
would in effect be the inverse 
of antilock braking: it would 
control engine speed to pre¬ 
vent wheels from spinning 
during acceleration, particu¬ 
larly on slick surfaces. Volvo 
has already demonstrated a 
prototype antislip system, 
and Mercedes says it’s well 
along in developing one. 
However, nobody has set a 
date for introducing this tech¬ 
nology on the market.— 
David Kennedy □ 


Candle in 
a Nuclear 
Plant: Ten 
Years Later 

I I n March 22,1975, 

a single candle ig¬ 
nited a fire at the 
I_I world’s largest nu¬ 

clear plant. TTie incident cost 
utility customers $213 mil¬ 
lion and revealed weaknesses 
in fire protection at nuclear 
plants nationwide. Ten years 
later, at a cost of $20 million 
to $50 million per plant, util¬ 
ities are still working to meet 
regulations that resulted from 
the event. 

Often cited as the nation’s 
worst reactor accident before 
Three Mile Island, the fire at 
Browns Ferry Nuclear Plant 
near Athens, Ala., showed 
that inadequate fire protec¬ 
tion could lead to damage of 
the reactor core. The fire be¬ 
gan when a worker, testing 
for air leaks with a candle 
flame, ignited polyurethane 
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foam used as a sealant where 
electrical cables ran from one 
room to another. Despite re¬ 
peated dousings with carbon 
dioxide, the fire burned for 
seven hours before it was 
completely extinguished. Al¬ 
though operators at the Ten¬ 
nessee Valley Authority 
(TVA) plant were able to shut 
down and safely cool the two 
reactors involved, the fire 
damaged 1,600 electrical ca¬ 
bles, including circuits that 
controlled the emergency 
core-cooling systems of one 
of the reactors. 

The incident revealed a 
basic design flaw in nuclear 
plants: when cables control¬ 
ling redundant safety systems 
are too close together, a fire 
in one set of cables can render 
both safety systems useless. 
Shortly after Browns Ferry, in 
a regulatory-guidance state¬ 
ment, the Nuclear Regulatory 
Commission (NRC) pro¬ 
posed a way to ameliorate 
this problem. However, when 
the NRC’s solution was 
tested in a fire at Sandia Na¬ 
tional Laboratories, the 
backup cables were de¬ 
stroyed. Thus, in 1981 the 
NRC issued a stricter fire- 
protection regulation giving 
specifications for separating 
cables. 

Industry representatives 
generally support the intent 
of the rule. However, when 
the NRC began inspecting 
plants about two years ago, it 
discovered that utilities either 
didn’t understand the rule or 
were having trouble imple¬ 
menting it, says Jim Taylor, 
NRC deputy director of in¬ 
spection and enforcement. 
Wade Larsen, a technical con¬ 
sultant for the Nuclear Utili¬ 
ties Fire Protection Group, 
says that because the rule is 
unclear, utilities have spent 
unnecessarily large sums in 
attempting to comply with it. 

The NRC has set up re¬ 
gional workshops to help util¬ 


ities understand the rule, and 
they are meeting it in “vary¬ 
ing degrees,’’ Taylor says. 
Larsen predicts that a major¬ 
ity of plants will be in com¬ 
pliance by the end of 1985. 
However, Browns Ferry still 
faces two to three years’ work 
before it will comply, and the 
startup of another tVa plant. 
Watts Bar, has been delayed 
six months because of failure 
to meet the requirement. 

Not Safe Enough? 

Even if utilities met the rule, 
fire protection at nuclear 
plants would remain inade¬ 
quate, charges Bob Pollard, a 
nuclear safety engineer with 
the Union of Concerned Sci¬ 
entists. He says that the NRC 
fire regulation weakens the 
“single-failure” rule that ap¬ 
plies to other safety systems. 
In general, the NRC requires 
that the emergency safety sys¬ 
tem must be able to function 
after an “accident se¬ 
quence”—if a broken pipe in 
the cooling system causes 
other components such as 
pipes or gauges to fail, for ex¬ 
ample. Furthermore, this sys¬ 
tem must continue to 
function even if there is an¬ 
other unrelated failure of any 
component. 

After a fire, which is more 
likely to occur than many 
other accidents, says Pollard, 
NRC regulations require only 
that one cable network be 
available to maintain “hot 
shutdown”—keep the plant 
shut down, but at a temper¬ 
ature of more than about 
300° F. TTie cable network is 
not required to function after 
an additional unrelated fail¬ 
ure. And no systems are re¬ 
quired to survive a fire and 
maintain “cold shutdown”— 
keep the plant shut down at 
a temperature of less than 
about 300° F. The utility 
merely must convince the 
NRC that it could repair the 


necessary systems to achieve 
cold shutdown within 72 
hours. “To pretend that you 
can fix damage without 
knowing what it will be is ri¬ 
diculous,” says Pollard. 


While U.S. utilities worry 
about distances between ca¬ 
bles, Swedish utilities have 
used a different approach, 
keeping cables that require 
separation in different rooms. 
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ore than 100 mil¬ 
lion people in de¬ 
veloping countries 
suffer chronic 
shortages of fuelwood, ac¬ 
cording to the U.N. Food and 
Agriculture Organization. 
Over the past five years some 
100 governmental and pri¬ 
vate programs have tried to 
help these people by intro¬ 
ducing cheap but efficient 
wood stoves. Most are “rural 
mud stoves” made of sand 
and clay by the users them¬ 
selves or by fairly unskilled 
workers. For example, in 
Central America the stoves 
are called Loretta and in Sen¬ 
egal the Ban ak Suuf; in India 
the traditional chula is being 
improved. 

Such stoves were expected 
to multiply spontaneously as 


neighbor showed neighbor 
how to build them. Tens of 
millions of stoves would be 
built, it was thought, making 
life easier for the world’s poor 
and stemming deforestation. 

Sadly, almost all these pro¬ 
grams have failed. Fernando 
Manibog of the World Bank 
estimates that only 100,000 
stoves have been built world¬ 
wide, only half to three- 
fourths of which are still in 
use. No national fuel shortage 
has been eased, and even local 
savings are doubtful. 

Wrong Stoves 

TTie wrong stoves were pro¬ 
moted for the wrong reasons 
in the wrong way, according 
to a 1983 report from Earths- 
can, the information service 


of the International Institute 
for Environment and Devel¬ 
opment. The IIED is funded 
by the World Bank, the U.N. 
Development Program, na¬ 
tional governments, founda¬ 
tions, and corporations to do 
research on international de¬ 
velopment and provide assis¬ 
tance to the Third World. 

The report points out that 
stove promoters underesti¬ 
mated “the formidable com¬ 
petition of the three-stone 
fire”—a triangle of stones on 
which a pot can be balanced. 
This is probably the world’s 
most widespread and versa¬ 
tile cooking technology. It 
cooks and smokes food, lights 
the home, repels insects, and 
serves as the social and cere¬ 
monial center of family life. 
Features such as chimneys 


U.S. utilities could do like¬ 
wise, Pollard says; the added 
construction costs would be 
offset by the savings from not 
having to implement the pres¬ 
ent rule. 

Practical Firefighting 

Other lessons from the fire 
have been less controversial. 
An obvious one is that can¬ 
dles should not be used to test 
for air leaks. One NRC report 
suggests that the TV A should 
have learned that lesson 
sooner, noting that the candle 
technique had started several 
small fires at the plant before 
the 1975 incident. The NRC 
has also banned the use of po¬ 
lyurethane foam as a sealant 
around the cables. 

The incident also revealed 
industrywide confusion over 
how to put out an elearical 
fire. Most people, including 
engineers, are taught that us¬ 
ing water on an electrical fire 
will cause electrocution and 
short-circuit wiring. With the 
use of special nozzles to pre¬ 
vent electrocution, however, 
water can sometimes be more 
effective than carbon dioxide. 
If water had been used at the 
outset of the Browns Ferry 
fire, the incident would have 
been minor, says Viaor Ben- 
aroya, NRC chief of chemical 
engineering. The NRC now 
requires nuclear plants to 
have both the special nozzles 
and trained, five-person fire 
brigades. 

How could the industry 
have overlooked such basic 
safety measures? John Gar¬ 
rick of Pickard, Lowe and 
Garrick, Inc., a firm that per¬ 
forms risk assessments of nu¬ 
clear plants, suggests that the 
nuclear industry might have 
focused its safety concerns on 
systems directly related to nu¬ 
clear phenomena, rather than 
on the equally critical but less 
obvious conventional sys¬ 
tems .—Laura Simmons □ 
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and enclosed fireboxes de¬ 
signed to improve efficiency 
eliminate many of these 
benefits. 

Then there is the embar¬ 
rassing question of efficiency 
itself. John Lippert of Vol¬ 
unteers in Technical Assis¬ 
tance (VITA), a Washington- 
based organization for fur¬ 
thering international devel¬ 
opment, says that even a good 
stove has a surprisingly small 
advantage in efficiency over a 
well-tended open flame: 17 or 
18 percent compared with 13 
or 14. And in actual use many 
stoves consume at least as 
much fuel as the ancient 
three-stone fire. Improper 
construction is a major 
reason. “It’s very hard to get 
the critical dimensions for 
efficiency without highly 


trained craftspeople,” says 
Lippert. Misuse and deterio¬ 
ration lower efficiency fur¬ 
ther—the mud stoves crumble 
within a year or two, and 
many of them are simply 
abandoned. 

Stoves will not soon reduce 
fuelwood consumption and 
will never make inroads into 
general deforestation, says 
Manibog: “The main cause of 
deforestation is not fuel con¬ 
sumption but the spread of 
agriculture.” Thus, many 
critics have called for scrap¬ 
ping the effort to promote 
stoves altogether. 

A Better Way? 

Manibog, Lippert, and the 
Earthscan team believe that 
would be unwise. Promoters 


generally favor a new ap¬ 
proach based on more dura¬ 
ble, efficient—and costly— 
“second-generation” stoves 
made of metal or ceramic. 
Dubious about folk dissemi¬ 
nation, promoters would like 
to help craft workers become 
“stove entrepreneurs,” selling 
the technology in cities and 
towns. TTiis will make a dent 
in fuel consumption because 
urban areas consume most of 
tbe wood and charcoal in 
many countries, drawing sup¬ 
plies from the surrounding 
countrysides. Also, central¬ 
ized manufacture and effec¬ 
tive distribution are possible 
in cities. Since town dwellers 
are likely to buy, rather than 
gather, fuel, they have a cash 
incentive to purchase efficient 
stoves. And they are generally 


Opposite: The Central 
American Lorena is one 
of the “rural mud stoves” 
that government and pri¬ 
vate programs have pro¬ 
moted around the world 
during the past five years 
to ease fuel shortages. 
However, in practice, 
these stoves are little 
more efficient (if at all) 
than what is probably the 
world’s most wide-spread 
cooking technology: the 
three-stone fire (bottom, 
left). And the Are has 
many benefits that the 
stoves lack: it not only 
cooks but provides light, 
repels insects, and 
serves as a center of fam¬ 
ily life. 

Developers hope that 
centralized distribution of 
efficient metal or ceramic 
stoves will be practical in 
cities and towns. Urban 
areas consume most of 
the wood and charcoal in 
many countries. Top: A 
portable metal stove 
being made in Upper 
Volta. Bottom right: A 
stock of finished stoves. 


more receptive than farmers 
to innovation. 

With startup help from the 
government, Kenyan stove 
builders and door-to-door 
salespeople have turned an ef¬ 
ficient bucket-shaped char¬ 
coal burner into a standard 
household item. And Nepal 
has an ambitious program 
underway to market centrally 
built ceramic stoves. 

Second-generation stoves 
may help rural wood gather¬ 
ers by cutting urban fuel de¬ 
mand and lessening 
competition from profes¬ 
sional woodcutters. Pro¬ 
moters also hope that urban 
stoves will become popular in 
the countryside, but that de¬ 
velopment could take a long 
time .—Duncan M. Brown □ 
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oronary bypass 
surgery is a “mid¬ 
dle-class fad,” says 
Dr. Thomas Killip, 
chairman of the Department 
of Medicine at Beth Israel 
Medical Center in New York. 

Physicians do not dispute 
that bypass surgery can save 
the lives of patients with se¬ 
vere heart disease. When an 
artery supplying a patient’s 
heart with blood becomes 
clogged, a surgeon replaces it 
by transplanting a vein or ar¬ 
tery from another part of the 
body. This major open-heart 
procedure can also improve 
the lives of those who suffer 
from angina (chest pain as¬ 
sociated with heart disease) 
that cannot be alleviated by 
drugs or other nonsurgical 
treatments. 

However, surgeons are per¬ 
forming too many bypasses, 
says Dr. Joseph Stokes, pro¬ 
fessor of medicine at Boston 
University. Stokes, who has 
worked for some 30 years 
with the Framingham (Mass.) 
Heart Study, supported by 
the National Institutes of 
Health, says less costly and 
intrusive treatments are often 
preferable for heart-disease 
patients. For example, a re¬ 
cent study by the National 
Heart, Lung, and Blood In¬ 
stitute (NHLBI) showed that 
drugs known as “calcium 
blockers” could dramatically 
lower the chance that patients 
with heart disease will die 
from heart attacks. 




Coronary Bypass Surgery; 
A Growth Industry 


Birth of an Industry 

Two major studies have 
shown that coronary by¬ 
passes neither lengthen nor 
improve the lives of patients, 
except in the most serious 
cases of heart disease. Be¬ 
tween 1970 and 1974 physi¬ 
cians at the Veterans 
Administration (VA) assigned 
heart patients randomly to 
two groups: one received cor¬ 
onary bypass surgery; the 
other was given drugs or 
other nonsurgical treatments. 
In 1977 The New England 
Journal of Medicine pub¬ 
lished the results: there was 
no difference in survival rates. 
Many surgeons and other 
doctors were skeptical, but in 
1983 these results were essen¬ 
tially corroborated by a sec¬ 
ond study supported by the 
NHLBI. 

In an editorial accompany¬ 


ing the report of the VA 
study. Dr. Eugene Braunwald 
of Harvard Medical School 
wrote that “the enormous 
funds” being devoted to cor¬ 
onary bypass divert support 
from “other, perhaps more 
necessary, aspects of medical 
care.” And he warned of “an 
even more insidious prob¬ 
lem”—namely that “an ‘in¬ 
dustry’ is being built around 
this operation.” 

In 1977, the year Braun¬ 
wald wrote his editorial, 
70,000 bypasses were per¬ 
formed at an average cost of 
$12,500. By 1983, the last 
year for which figures are 
available, 190,000 bypass op¬ 
erations were performed at an 
average cost of $20,000. It 
had become a $3.25 billion 
industry. 

Not all doctors concede 
that too many bypass opera¬ 
tions are being performed. 


Dr. Victor Parsonnet, director 
of surgery at the Newark 
(N.J.) Beth Israel Medical 
Center, cites figures from a 
Philadelphia heart-surgery 
group showing that the num¬ 
ber of bypass operations ac¬ 
tually declined in 1984, and 
he says there has been a 10 to 
20 percent drop around the 
country. Parsonnet attributes 
this leveling off to the fact 
that most patients who 
needed bypass have received 
one by now. 

However, Dr. Thomas A. 
Preston, chief of cardiology at 
Pacific Medical Center, wrote 
in The Atlantic that coronary 
bypass operations continue to 
be overused because they are 
so lucrative for hospitals and 
surgeons, who typically earn 
$5,000 per operation. There 
are other incentives also. Like 
other high-tech procedures, 
bypass surgery is often re¬ 
garded as a “magic cure,” 
says $tokes. “Many doctors 
like to have a technical solu¬ 
tion for everything.” 

Impatient Patients 

Nor are patients merely pas¬ 
sive participants in the 
growth of bypass surgery. 
“$ome individuals don’t want 
to take medicine three or four 
times a day because pill pop¬ 
ping is a constant reminder of 
a potentially fatal condition,” 
says Stokes. Thus, they ac¬ 
tively seek bypass operations. 
He tells of patients who 
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changed doctors until they 
found one who would oper¬ 
ate. 

Stokes does not believe that 
normal medical review pro¬ 
cedures can effectively curtail 
the overuse of bypass surgery. 
“It’s almost impossible to 
make doctors act as police,” 
he says. “It is very hard for a 
young cardiologist to blow 
the whistle on a senior sur¬ 
geon in the hospital by not 


approving a case. 

Stokes says the increasingly 
popular health maintenance 
organizations (hmos) provide 
a way to reduce unneeded 
surgery, hmo patients pay 
regular, fixed fees to cover all 
medical procedures, and to 
stay competitive, hmos seek 
to keep these fees low. That 
means avoiding expensive, 
unnecessary operations.— 
Phyllis Wollman □ 


A Nonsurgical Alternative 


M 


edical research¬ 
ers have recently 
developed a non¬ 
surgical method 
of treating heart disease 
that, in some cases, is just as 
effective as coronary bypass 
surgery but is much less ex¬ 
pensive and disabling. 
Rather than replacing a 
clogged coronary artery 
with one taken from else¬ 
where in the body, the phy¬ 
sician relieves the obstruc¬ 
tion by stretching the artery. 

In the technique, called 
“transluminal angioplasty,” 
a hollow flexible tube (cath¬ 
eter) is inserted into cither 
the femoral artery in the 
groin or the brachial artery 
in the upper arm. A physi¬ 
cian guides the catheter to 
the obstructed area of the 
coronary artery, observing 
its progress by means of a 
televised x-ray image. Then 
the physician passes a 
smaller, balloon-tipped 
catheter through the guiding 
catheter. The balloon tip is 
inflated one or more times 
to exert pressure on the ob¬ 
structed area and widen it. 
For this reason, the proce¬ 
dure is sometimes referred 
to as “balloon angioplasty.” 

This procedure is essen¬ 
tially nonsurgical—it 
doesn’t require opening up 


the chest—and it is done un¬ 
der local anesthesia, while 
bypass surgery requires gen¬ 
eral anesthesia. If the angio¬ 
plasty is successful, the 
patient can usually leave the 
hospital in two or three days 
and return to work in a 
week or two. In contrast, 
the average open-heart-sur¬ 
gery patient must stay in the 
hospital for about a week 
and then spend 6 to 12 
weeks recuperating at 
home. The cost of the non¬ 
surgical technique is also 
significantly lower. 

At this point, the ideal 
candidate for this procedure 
has only one narrowed ar¬ 
tery with an obstructed area 
that is short and flexible 
enough to be stretched. 
Only about 5 to 10 percent 
of all patients considered for 
bypass surgery have such an 
obstruction. But for this 
limited group, the results of 
the angioplasty procedure 
compare favorably with 
those of surgical treatment, 
and physicians are begin¬ 
ning to test its effectiveness 
on people with obstrurtions 
in two or more arteries. □ 

Reprinted from the “Mayo 
Clinic Health Letter” with 
permission from the Mayo 
Clinic, Rochester, Minn. 


Join us in the remote 
hill towns of Tuscany... 
pastoral Verdi Country... 
and the mystical cities 



Designed and directed by artist 
Frieda Yamins. whose second home is 
Florence, and Renaissance historian. 
Robert Lear. They have transformed 
their love and knowledge of people, 
places, language and traditions into a 
felicitous blending of familiar cities 
and unknown towns set in splendid 
landscapes. 
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RINGS 

Discoveries from Galileo to Voyager 

James Elliot 
and Richard Kerr 

This account of all three known sets 
of planetary rings emphasizes the 
events of the past five years, during 
which scientists have learned more 
about this fascinating and beautiful 
astronomical phenomenon than was 
ever known before. The authors are 
well qualified to tell the story. James 
Elliot played a leading role in discov¬ 
ering the Uranian rings in 1977, the 
first planetary ring system to be 
found since (Galileo observed Sat¬ 
urn’s rings in 1610. Richard Kerr 
covered the Jovian and Saturnian 
discoveries for Science magazine. 
Copies of the tape that recorded 
Elliot's discovery of the Uranian 
rings-as it happened-are available 
from The MIT Press. 

224 pp. 70illus. $17.50 
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A SPECIAL REPORT 


Violent stmim 

rage in the deep ocean, 
transporting huge loads of sediment for 
great distances along the bottom. 
Only recently discovered, these 
storms may have far-reaching 
implications. 


O UR second night at sea, the marine 
geologists aboard the research ves¬ 
sel Krtorr gather in the chief sci¬ 
entist’s cabin to look at photographs of 
the ocean bottom. The photos have been 
taken by “Pogo,” a strobe-equipped cam¬ 
era mounted on a steel frame that bounces 
across the seabed, each bounce triggering 
the camera’s shutter. Pogo snapped its first 
shot at 5:50 P.M., after a two-hour journey 
by winch to the bottom nearly three miles 
below, and by 9 p.m. the slides are ready 
to go. 

The geologists can hardly contain their 
excitement at the bumps and lumps on the 
screen before them. “Look,” I.N. (Nick) 
McCave shouts. “A fairy ring.” In his 
clipped Oxford accent, McCave explains 
that the strange mound with five sym¬ 
metrical holes was apparently made by an 
animal, perhaps of the phylum Echino- 
dermata, which includes starfish and other 
five-sided creatures. Another slide. “Oh!” 
says Charles Hollister. And another. 
“Ah,” McCave chimes in, pointing his 
bare foot to make a long shadow across 
the screen. “Go back, Charley, go backV' 
TTie researchers aboard the R/V Knorr 
are hunting for telltale signs of something 
that until recently was not thought to ex¬ 
ist—an extraordinarily strong current, or 
“benthic storm,” on the bottom of the 
deep sea. People had long believed that 
“the deep waters are a place where change 
comes slowly, if at all,” as Rachel Carson 
wrote in her classic The Sea Around Us. 
But the results of the High Energy Benthic 
Boundary Layer Experiment (HEBBLE), 
of which this cruise is part, have helped 
dispel the notion of a tranquil abyss. Deep 
and dark it is; calm and unchanging it is 
not. 


These 
Deep 
Waters 
Don’t Run 
StiU 

BY VICTORIA KAHARL 



VICTORIA KAHARL is a science writer at 
Woods Hole Oceanographic Institution and 
protect coordinator of HEBBLE. 


Since HEBBLE’s modest beginning in 
1979, some three dozen scientists of vary¬ 
ing disciplines have participated in the 
project, which is funded by the Office of 
Naval Research. The experimental site is 
in the North Atlantic about 450 miles off 
the coast of Massachusetts. There project 
scientists have detected massive, fast-mov¬ 
ing storms sweeping along the bottom. 
Tliey have been recorded moving at speeds 
of up to 75 centimeters per second—about 
one knot—exerting a force equal to a 60- 
mile-an-hour wind on land. Deep-sea cur¬ 
rents ordinarily creep along at about 5 
centimeters per second. 

Storms can carry a ton of sediment a 
minute, causing dramatic changes in the 
sea floor—scouring it in some places, de¬ 
positing enormous loads of clay and silt 
in others. “A benthic storm is very much 
like a blizzard,” says Arthur R.M. Nowell 
of the University of Washington, codirec¬ 
tor of HEBBLE. “The visibility goes to 
zero. Then the weather clears and you can 
see small ripples of mud in striking pat¬ 
terns much like drifts of snow around 
fences and trees after a real whiteout.” 

Scientists are not yet able to predict 
when benthic storms will appear, although 
preliminary data put their frequency at 
about every two to three months. The 
storms last from a few days to two weeks 
and can affect areas tens of kilometers 
wide. 

What causes the storms is also still un¬ 
certain. However, Charles Hollister, co¬ 
director of HEBBLE and senior scientist 
and dean of Woods Hole Oceanographic 
Institution, claims researchers are “very 
close” to an answer. Their results appear 
to link the storms to the nearby Gulf 
Stream and the surface eddies it sheds— 
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Ready to plunge to the 
seabed nearly three miles 
below, this instrument is 
part of the High Energy 
Benthic Boundary Layer 
Experiment (HEBBLE). The 
study site is about 450 
miles off the New England 
coast (opposite). 





The Case of the Missing Mooring 

HEBBLE research cruise: 

Journal entry for Sunday, August 26, 1984. V. Kaharl 


0400: “I’d love to catch that 
bastard,” says George Top¬ 
per, an engineer from Woods 
Hole Oceanographic Institu¬ 
tion. He is hunched over the 
echo sounder, watching its 
belt sweep across the paper 
every second and leave jagged 
maroon lines. For so many 
thousands of seconds, he has 
been intently watching the 
sounder and listening to its 
monotonous pinging. 

Tupper’s invective is di¬ 
rected at mooring 778, from 
which two meters that mea¬ 
sure deep-sea currents are 
suspended. The mooring is 
somewhere out there in the 
black water of the North At¬ 
lantic off Massachusetts, an¬ 
chored to the bottom nearly 
three miles beneath us. 

The mooring should have 
surfaced automatically when 
summoned by an acoustic sig- 
nal. But something went 
wrong, and George has been 
trying to catch it since yester¬ 
day morning. We have almost 
7,000 meters of cable paid 
out, hoping that a single hook 
on this line will somehow 
meet up with the mooring, 
which rises only about 800 
meters off the bottom. 

“We ain’t making too 
much headway now, are 
we?” says second mate J.P. 



Among the loud, regular 
pings from the echo sounder, 
we hear the faint, lower- 
pitched pings from the moor¬ 
ing. Its batteries are weak and 
getting weaker. Tupper smiles 
when he picks up a porpoise 
gurgle. “You hear that?” he 
says, shaking his head. “Little 
devil.” The animal is “talk¬ 
ing” to the echo sounder, 
masking the weak signals 
from the mooring. 

The current has pushed us 
too far west so we turn, mak¬ 
ing a large southwesterly 
sweep. The cable trails us. 
Will it straighten out by the 
time we pass over the pre¬ 
sumed location of the moor¬ 
ing? Is the hook on the cable 
trailing deeply enough? The 
only certainty is that the stub¬ 
born cable is virtually impos¬ 
sible to control. TTie ocean is 
in command here. Its bag of 
tricks is much deeper than 
ours. 

But George thinks he 
knows where the mooring 
is—he has fixed its general 
position. That, it seems, was 
the easy part. “Lots of 
water,” J.P. says. 

What an understatement. 
Tupper says he has “only a 
40 to 60 percent chance” of 
retrieving the mooring. En¬ 
gineer David Hunley of Flor- 


rings of swirling water hundreds of kilo¬ 
meters across. The kinetic energy of these 
eddies is somehow transferred downward 
and generates a current that joins and rein¬ 
forces the normal current on the sea floor, 
which in the HEBBLE area is unusually 
strong for the deep sea. This enhanced cur¬ 
rent becomes a storm when it grows strong 
enough to lift copious amounts of bottom 
sediment. 

Evidence that energetic surface eddies 
combine with stronger-than-normal bot¬ 
tom currents to generate benthic storms is 
“too strong to be coincidental,” says Hol¬ 
lister. This link is also bolstered by the fact 
that the largest sediment drifts on the sea 
floor are found in the coupled areas. Thus, 


Hollister says, it may be possible to iden¬ 
tify other areas likely to experience benthic 
storms by sandwiching world maps show¬ 
ing areas of strong bottom currents with 
those showing energetic surface eddies. 
“When you do this, you find that the 
proper conditions exist in numerous 
areas,” he says. “These include the entire 
northwestern part of the North Atlantic 
basin and vast areas off the coast of South 
Africa, Argentina, and New Zealand.” 

Good News and Bad News 

The discovery of powerful benthic storms, 
which the scientific community is only 
now beginning to appreciate fully, will 


likely have far-reaching implications. The 
storms may become an important factor 
in the design and placement of virtually 
any objea meant for abyssal depths in po¬ 
tentially stormy areas. 

For example, Hollister says the storms 
might be able to sweep sediment out from 
under seabed telephone cables, causing 
them to “strum,” weaken, and fail. Trou¬ 
ble with telephone cables in the deep sea 
is rare, according to AT&T senior engi¬ 
neer Jeff Ewald. Indeed, the company’s 
transatlantic cables have experienced only 
minor problems over the years. But AT&T 
has recently received some “inexplicable” 
transmission signals from its tat-7 trans¬ 
atlantic cable that skirts the HEBBLE ex- 
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ida State University likens 
George’s effort to trying to 
dangle a threaded needle 
from the top of the Empire 
State Building into a bottle on 
the sidewalk. 

George is in surprisingly 
good humor. Only puffy eyes 
and an occasional long pause 
between words show his need 
of sleep. He is as gracious 
when 1 bring him coffee and 
an apple as he was last night 
when 1 brought him a luke¬ 
warm beer and a sandwich. 

Tupper watches the ten¬ 
siometer. If the tension sud¬ 
denly peaks, it will mean 
we’ve got something. 

0455: The sun starts its 
daily lavender paint job on 
the horizon. Physical ocean¬ 
ographer Georges Weatherly 
of Florida State University ar¬ 
rives with coffee and a fresh 
pack of cigarettes for room¬ 
mate Tupper. In Weatherly’s 
quiet presence 1 sense a deeply 
rooted camaraderie that 
seems to bind all ocean-going 
scientists in their battle of 
equipment against the sea. 

Suddenly the tensiometer 
needle swings sharply to the 
right. “Bridge, we got tension 
coming up over 9,000,” Tup¬ 
per says, his voice hardly 
showing excitement. “And 
you know what I’m hoping.” 



George Tupper, wearing a 
white tee-shirt, peers over 
the side of the R/V Knorr. 
He has been hunting for a 
mooring attached to the 
seabed, from which two 
meters that measure cur¬ 
rents are suspended. The 
mooring should have sur¬ 
faced automatically, but 


Tension rises: 11,000 to 
12,000. The needle trembles 
at 15,000 pounds of tension 
on the line. 

Just as suddenly, the needle 
drops off sharply. Does this 
mean the cable hooked the 
mooring only to lose it.’ Our 



something went wrong. 

The crew dragged a trawl 
line behind the ship to 
break the mooring’s anchor 
cable, and flotation 
spheres lifted it to the sur¬ 
face (opposite). To the re¬ 
lief of the Knorr crew, one 
of the meters was still at¬ 
tached (above, right). 


instruments offer no precise 
information. The only way to 
know is to reel in the trawl. 

Tupper finally gives the or¬ 
der. He hasn’t got much 
choice: his time is up. Time is 
expensive at sea. It costs 
about SI5,000 a day to op¬ 


erate a research ship like the 
RA' Knorr. And other activ¬ 
ities are scheduled for today, 
indeed for every day and 
every hour of the cruise. 

The cable pulls in at a fairly 
steady 3,000 pounds of ten¬ 
sion. Weatherly is cautiously 
optimistic: he expects the ten¬ 
sion would be less than 1,000 
pounds if the line were empty. 
“There is a possibility,” he 
says, shaking his head. “What 
a business.” 

0750: The thick steel trawl 
line and its hook are on deck. 
Empty. 

0810: The captain spots 
what he says appears to be “a 
life raft or something.” He 
asks if we should take a look. 
“What the hell,” says Tupper. 

It turns out to be not a raft 
but the luster of bright orange 
flotation spheres on the 
mooring George had just 
given up trying to retrieve. 
Our cable had severed the 
mooring. But had the break 
occurred above or below the 
all-important current meters.’ 

As I crawl into my top bunk 
this morning. I’m hoping—as 
Tupper must have been hop¬ 
ing—that at least one of the 
meters was still attached. The 
ship’s horn blares a thunder¬ 
ous blast. 1 know George had 
gotten that bastard. □ 


perimental site, says Hollister, who has 
been investigating trouble with telephone 
cables for two decades. He suggests that 
this “may not be a coincidence.” How¬ 
ever, Ewald will say only that AT&T is 
interested in evaluating HEBBLE results 
“as they might affect our cables in the 
North Atlantic.” 

Lessons about sediment dynamics—the 
movement of mud—may also be applied 
to problems in coastal waters. “It’s sur¬ 
prising that we know more about sediment 
dynamics in the deep sea than in the shal¬ 
lower waters of the continental shelf,” 
Nowell says. “But until HEBBLE, nobody 
had ever conducted such intense sediment- 
transport studies anywhere in the ocean.” 


The information could be used to boost 
the efficiency of dredging operations and 
improve the structural stability of pipe¬ 
lines, bridge footings, and other structures 
emplaced on the bottom. “If we could 
come anywhere near to accurately pre¬ 
dicting the sea floor’s response to under¬ 
water forces such as currents,” Hollister 
says, “we could save millions of dollars in 
dredging fees and marine construction and 
repair costs.” 

The U.S. Navy is interested in benthic 
storms because of its charge to police and 
protect home waters, according to Com¬ 
mander Joseph Spigai, former HEBBLE 
program manager of the Office of Naval 
Research. “The navy is very interested for 


a variety of reasons in knowing about the 
stability of the ocean bottom,” he says. 
“Does it shift around? And if so, how 
often and where? We think this has some 
potential applications to our national de¬ 
fense.” 

Among the navy’s ocean-bottom struc¬ 
tures and “one of the primary systems that 
may be affected” by the storms, he says, 
is the Sound Surveillance System (sosus). 
TJiis is an array of hydrophones used to 
listen for enemy submarines in the North 
Atlantic. “Scouring of the bottom may dis¬ 
turb our sensors,” Spigai says. “There’s a 
chance that they might be covered and un¬ 
covered by the moving sediments.” 

The listening posts may face another 
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problem as well: HEBBLE investigators 
theorize that the turbulent storms must be 
noisy. “As long as the key to locating sub¬ 
marines is listening for the noise they gen¬ 
erate, any sound produced by a storm 
might muffle the acoustic signature of an 
enemy sub,” says Nowell. Spigai agrees 
that the storms “may mask other noises 
that the navy might be listening for,” add¬ 
ing that “that’s about all I can say on the 
matter.” 

Benthic storms are also causing geolo¬ 
gists to reexamine their ideas about where 
to search for new reserves of oil. They 
know that petroleum forms in areas of the 
sea floor where massive deposits of sedi¬ 
ment rich in organic material accumulate 
quickly, at least by geologic standards. Ac¬ 
cording to the conventional view, the or¬ 
ganic-rich sediments—largely the remains 
of aquatic plants and animals that live 
near the surface—drift steadily down from 
above and remain where they hit bottom. 
But the power of storms to redistribute 
sediments adds a new wrinkle. Hollister 
speculates that the areas where ancient 
storms deposited their sediment loads 
would have been favorable sites for the 
formation of oil-bearing rock. Thus, by 
learning more about how benthic storms 
work and where they occur, geologists 
might be able to “look down paleocur- 
rents” to find new oil fields. 

The researchers hope to provide clues 
for petroleum exploration in another way 
as well. At the HEBBLE site, a certain type 
of microscopic hard-shelled amoeba— 
called foraminifera—is more primitive 
and abundant than similar fauna in ap¬ 
parently storm-free areas. Fossils of these 
“forams” are also found in oil-bearing 
rocks in the North Sea and even many 
places on land. Oil company geologists 
sometimes use these fossilized forams as 
markers to help them identify potential 
reserves. “But forams might become even 
more useful if we knew more about how 
they lived in the ancient seas,” says Mi¬ 
chael Kaminski, a Woods Hole-M.I.T. 
graduate student. “Therefore, I’m trying 
to use the present as a key to the past. By 
studying the forams that live in the mud 
at the HEBBLE site, we may get a better 
understanding of the kind of environment 
that oil-bearing rocks formed in many mil¬ 
lions of years ago.” 

Perhaps the most important question 
raised by the discovery of benthic storms, 
however, is their potential effea on haz¬ 
ardous wastes that may be consigned to 
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Work at sea goes on around the 
clock. Left: Researchers get a mid¬ 
night look at mud scooped from the 
bottom. Inset: This tiny creature 
thrives in the sediment at the HEB- 
BLE site and may become useful as 


the sea bottom. “When most toxic and 
radioactive pollutants enter the ocean, 
they look for fine grains of sediment to 
call home,” says Nowell. “Indeed, sedi¬ 
ments scavenge pollutants very effec¬ 
tively—just like Maalox.” Thus, storms 
that move about huge quantities of sedi¬ 
ment might move pollutants as well. 

For example, the United States and sev¬ 
eral European nations are studying the 
feasibility of burying high-level radioac¬ 
tive wastes from nuclear power plants be¬ 
neath the sea floor. “However, the 
HEBBLE site and others like it might be 
damn poor places to put something that 
you don’t want to see again,” says HEB¬ 
BLE biological oceanographer Dave This¬ 
tle of Florida State University. One 
problem is that bacterial activity at the 
HEBBLE site is unusually high for the deep 
sea. The storms apparently bring in fresh 
supplies of oxygen and nutrients, making 
the area ideal for bacterial growth. 

“These bacteria are perfectly willing to 
mobilize sediments carrying pollutant ma¬ 
terials, including metals and radio¬ 
nuclides,” says Thistle. “Then the 
question is whether there is a way for the 
pollutants to move up the water column.” 
The answer may be yes. He says pollutant¬ 
laden bacteria might be eaten by larger 
bottom-dwelling creatures. Some of the 
materials excreted by these animals, such 
as egg cases and fat globules, are buoyant 
enough to rise to the shallower regions 
where humankind’s food fish live. Thistle 
stresses, however, that this is still just 
theory. TFie HEBBLE researchers have 
planned more studies of the role bacteria 
play in mobilizing sediments. If it turns 
out that bacteria can start pollutants on 
their way into the food chain, then Thistle 
says potentially stormy areas probably 
should be avoided as waste-disposal sites. 

But Hollister says there is another way 
to look at the waste-disposal question. 
Storms could actually dilute the wastes to 
safe levels by dispersing them over a broad 
area. While such a strategy for disposal 
may ultimately prove to be acceptable, the 
HEBBLE researchers caution that for now 
there are more questions than answers. 
“Before the sea floor is selected as a final 
dumping ground for any hazardous 
wastes, we must be able to make reliable 
predictions about how they will behave 
over the long-term,” says Nowell. “But 
our mathematical models of sediment dis¬ 
persion still need verification. They’re 
based at present on numbers that essen- 


a “marker” for locating oil reserves. 
Lower right: Geologist I.N. McCave 
collects seawater brought up from 
the depths to analyze its sediment 
content. Lower left: Another instru¬ 
ment heads for the bottom. 


dally are guesses.” TTie hope, of course, is 
that HEBBLE will provide the “numbers” 
needed to improve such predictions. 

A Radical Notion 

The idea that currents in the deep ocean 
probably move much faster than suspected 
was proposed early this century by the 
German physical oceanographer George 
Wust. But the concept, which he inferred 
from data on bottom temperature, pres¬ 
sure, and salinity, met with resounding 
skepticism. 

In 1962, Charles Hollister, then a grad¬ 
uate student at Lamont-Doherty Geolog¬ 
ical Observatory just outside New York 
City, got his first glimpse at what he 
thought was a storm-swept seabed while 
looking at a photograph taken by Lamont 
geologist Maurice Ewing. Hollister could 
not accept the conventional reasoning that 
the ripples and sculpted mounds in the 
photo had been caused by some earth- 
shaking geologic event thousands of years 
ago, possibly during the last ice age. He 
speculated that something powerful and 
recent had scoured the seabed and created 
the ripples. 

In 1964, Hollister took his own pictures 
in the same general area of the North At¬ 
lantic that would become the HEBBLE ex¬ 
perimental site. The photographs showed 
more of the same—ripples, mounds, mud 
waves—and further confirmed his theory. 
For the most part, however, the scientific 
community adhered to the traditional no¬ 
tion of a tranquil abyss. Other investiga¬ 
tors periodically reported data that 
indirectly suggested the presence of swift 
currents in the deep sea. But as late as 
1978, there still wasn’t enough evidence 
“to shake a stick at,” says Tom Pyle, HEB- 
BLE’s first navy program manager and 
now chief scientist of the National Ocean 
Service. So when Hollister proposed HEB¬ 
BLE, “it was a real gamble,” says Pyle. 

If HEBBLE was indeed a gamble, it 
started paying off almost immediately. In 
the summer of 1979, scientists on the first 
research cruise found deep-sea currents 
faster than anything even they had imag¬ 
ined. The researchers filtered hundreds of 
liters of seawater for suspended sediment. 
Cloudy or muddy samples would indicate 
the presence of currents powerful enough 
to lift the fine sediment from the bottom. 
A reading of 100 to 500 micrograms of 
sediment per liter would have sufficed to 
show turbulence; their samples yielded up 
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FOR THE 21 St CENTURY" 


14-16 MARCH 1985 
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"Behind the scenes " tours of 
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Exceptional Experiences for 
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Central Asia 
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Southeast Asia 
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South America 
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Ihnzania 
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Ancient. 

Classical. 

Mysterious. 

Oriental. 

Enigmatic. 

Primitive. 

Vibrant. 

Compelling. 

Exciting. 

Artistic. 

Cultural. 

Historic. 


Highly acclaimed itineraries, 
especially designed for alumni 
of Harvard, Yale and 

other distinguished univer¬ 
sities. For further information, 
please contact: 

.Alumni Fli^its .Abroad 

^ Department TR-31 
A.F.A. Plaza 
425 Cherry Street 
Bedford Hills, New York 10507 
TOLL FREE 1-800-AFA-8700 
N.Y. State (914) 241-0111 


In quiet regions of the deep sea, 
sediments are worked over by bot- 
tom>dwelling creatures (left). But 
benthic storms carry huge quantities 
of sediment and sweep the bottom 
smooth (right). 



to 12,000 micrograms. “It was astound¬ 
ing,” recalls Lamont’s Wilf Gardner. 

Part of the challenge for HEBBLE re¬ 
searchers has been to develop instruments 
that can operate in the deep ocean—an 
environment, says Hollister, that is more 
hostile than the moon. “There’s no rust 
on the moon because there’s no oxygen,” 
he explains. “There’s no saltwater to 
short-circuit your electronics. Saltwater 
eats metal. In the ocean, animals tend to 
eat everything they can find. You put a 
piece of wood or metal down there on the 
bottom and it becomes a condominium; 
everybody wants to move in.” 

The project required sensors that could 
withstand 7,000 pounds per square inch 
of pressure and near freezing temperatures 
while taking measurements continuously 
for hours or days. The instruments had to 
be stable enough to endure the jostlings 
and vibrations from the ship and the bot¬ 
tom blizzards, yet delicate and sophisti¬ 
cated enough to detect the intricate 
fluctuations of turbulent water and tiny 
particles of suspended sediment. “It was a 
tall order,” recalls l.N. McCave of the 
University of East Anglia in Norwich, En¬ 
gland. 

If an instrument was available but un¬ 
able to function in the deep ocean, the 
HEBBLE engineers adapted it for abyssal 
depths. If a needed instrument didn’t exist, 
they designed and built it. One invention 
born of necessity, for example, is the 
Benthic Acoustic Stress Sensor (bass). 
Conventional meters used to measure 
ocean currents rely on mechanical rotors, 
which can interfere with the flow of water 
and throw off results, bass uses sound 
waves to measure currents. It also does 
what no other instrument can do—meas¬ 
ures water speed and direction twice a sec¬ 



ond. These instantaneous measurements 
allow scientists to calculate precisely the 
stresses that a storm exerts on the bottom 
when it lifts the sediment. 

The instruments are affixed to large steel 
and fiberglass tripods that free-fall to the 
abyss. A storm triggers a microprocessor 
on one of the tripods—called Master 
BASS —which then acoustically alerts the 
other sensors to switch themselves on. 
After a storm. Master bass orders the sen¬ 
sors to turn off in the same way. Without 
such “intelligent” remote control and se¬ 
lective sampling, the instruments’ record¬ 
ing devices would reach capacity in a 
matter of hours and their batteries would 
be quickly used up. Acoustic commands 
also summon the tripods back to the sur¬ 
face. Flotation spheres—large glass balls 
encased in brightly colored plastic—give 
the tripods the buoyancy they need for 
their long upward journey. 

The R/V Krtorr is scheduled to head out 
to the HEBBLE site again this summer, 
marking a new phase in the project, says 
Hollister. Studies so far have relied on 
cameras and various instruments to mon¬ 
itor conditions at the sea floor. But this 
summer’s cruise will feature the debut of 
SeaDuct—a 4,000-pound “laboratory” of 
pink fiberglass and glistening aluminum 
that will be lowered to the seabed. 

SeaDuct will allow investigators for the 
first time to create controlled currents on 
the bottom and measure how the sedi¬ 
ments respond. These tests, says Hollister, 
will provide vital information about the 
behavior and effects of benthic storms. In¬ 
deed, SeaDua, along with the other HEB¬ 
BLE studies, will enhance our very meager 
understanding of the vast, sunless under¬ 
world that is perhaps the least known and 
least studied region of our planet. □ 
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COWEM'CONTINUED 


Continued from page 6 
Adopted by the U.N. General Assembly in 
1979, this “moon treaty” has been ratified 
by only five nations—Austria, Chile, the 
Netherlands, the Philippines, and Uru¬ 
guay. Six more—France, Guatemala, In¬ 
dia, Morocco, Peru, and Rumania—have 
signed it but have not, to date, deposited 
ratifications. Significantly, neither the 
United States nor the Soviet Union has 
signed, although both helped draft the 
treaty. 

There is considerable well-founded con¬ 
cern within the U.S. space community that 
the moon treaty would put a hammerlock 
on progress. It would invest control over 
space development in a U.N. agency that 
would tax profits and have the right to 
share the technology involved, largely for 
the benefit of developing countries. Al¬ 
though this could indeed stifle lunar de¬ 
velopment, pressure is building within the 
United Nations to try to adopt such a re¬ 
gime. 

Thus, the stage is set for a diplomatic 
tussle rivaling that involved in drafting the 
Law of the Sea Treaty. More is at stake 
than dreams of moon mining; the reach 
of the treaty might even chill manufactur¬ 
ing projects in Earth orbit. 

Whatever the eventual outcome, it is al¬ 
ready clear that NASA’s vision of an ex¬ 
panding space frontier is credible enough 
for the rest of the world to want to share 
in it. Both the United States and the Soviet 
Union have often piously proclaimed that 
they were acting on behalf of people every¬ 
where in exploring space. Now both coun¬ 
tries must take their rhetoric seriously. As 
projects unfold that enable us to inhabit 
low-Earth orbits and set up bases on the 
moon, the rights and obligations of all na¬ 
tions must be clearly defined—in ways that 
will not hamper prudent development. 
This means that NASA and other govern¬ 
ment agencies must give the highest prior¬ 
ity to the evolution of international space 
law, not just to cooperation with selected 
nations on specific projects. The space 
agency should do this by increasing its 
own legal expertise and working closely 
on international law with the Departments 
of Justice and State. 

Apollo astronauts left a plaque on the 
moon proclaiming that “we came in peace 
for all mankind.” When U.S. astronauts 
return to the moon, probably early in the 
next century, they may well have to ask 
the permission of the rest of the world to 
make such a statement. □ 
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You’re Boxed In 


Yoor career is blocked You're frustrated 
arxj insecure Time is going by and things 
aren't getting better 

You need to find a better way You need 
new objectives for yourself and new strategies 
for achieving your objectives 

That's my job. I am a management con¬ 
sultant. specializing in change, and I have 
helped hundreds get out of that box arxl onto 
a more satisfying career atxl life path 

Call me to explore what I can do for 
you. There's no charge, no obligation, to 
explore Don't wait Call me now 



ftnra Poor. SM 
Managemenr. 
UCPtrom MIT 


Private programs. Also 2-day 
weekend workstxjps. (Sea p it 
lor details.) 

Riva Poor 

73 Kirkland Street 
Cambridge. MA 02138 
Telephone (617) 868-4447 


PROFESSIONAL 


VAX 

BUSINESS 

SOFTWARE 

Payables General Ledger 
Purchasing Order Processing 
Receivables Bills of Materials 
Inventory Forecasting 

A comprehensive, 
multi-terminal, interactive 
information system for 
business management. 

Ann Arbor 

Information Management Ltd. 

P.O. Box 8016,117 N. First Street 
Ann Arbor, Michigan 48107 
(313)761-5403 


PLACING PROFESSIONALS 
COAST TO COAST 

We are constantly searching lor 
•Engif^eers; EE's. ME’s. CHE s* 
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•Computer Professcnais* 
•MBAs* 

•rnancial Specialtsts* 
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PERSONNEL SERVICES. MC. 

230 No. Mar St. 

Mansfield, MA 02046 
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Electronic Engineers. 

Computer Scientists. 

Aerospace Professionals: 

You’re Needed! 

at high tech companies in 
New England and 
nationwide. 


Work with 

Computer Science & Engineering 
placement services 
and enjoy these advantages: 

• Immediate openings in rewarding positions 

• Staffed by technical professionals 

• Salary/benefit negotiations on your behalf 

• Client companies who assume all fees 

Submit your resume in confidence fa 

Computer Science A Engineering 
15 Lakeside Office Park/Wakefield. MA 01880 

or Call Collect: (617) 246-4444 


THE BEST a BRIGHTEST 

Ask P'nB to Market Them Because I'm 
an Engineer Who Talks Your 
Language 

Was out there myself for 25 years—from 
Designer to Program Manager. 

An IEEE member and MIT engineer. I know 
what YOU want. 

Send your resume, you’ll be the client, with 
all lees and expenses paid by nationwide 
companies looking for the BEST and the 
BRIGHTEST 

Marc Cutler. President 
(215) 687-4056 day or night 

P’nB CONSULTANTS 

Box 494 T. Wayne. PA 19067 

Known Coast to Coast 



Building Problems? 


35 yean experience In Industrial, 
Commercial and Institutional 
Construction. Our serrlces could 
remove a few beadacbes and pay 
for tbemselves many times over. Call 
or write now (or a (roe review of 
your program or problems. 

Robert F. Rowe ‘48 
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Engineering 

Specialists 

Nationwide 


All Levels-AII Industries. 

ALL FEE PAID-FULLY CONFIDENTIAL. 
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P.O. Box 3267 
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• COMPOSITES METALS • 
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• MATERIALS PROCESSING IN SPACE 
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NEED TO GET YOUR PRODUCT 
OFF THE GROUND? 

I may be able to help with: 

e Business Planning 
e Financing 
e Marketing 
e Implementing 

Please contact SUMIN TCHEN (Sloan 74) at 365 
North St. Boston. MA 02113 or call (617) 426>8220. 


NELSON, COULSON AND 
ASSOCIATES, INC. 

PftOFCSSIONAL SERVICING CONSULTANTS 

NATIONWIDE OPPORTUNITIES 

e Electricair Electronic Engineers 
e Aerospace System Engineers 

• Space Communications C^l 

• Guidance & Controls Engineers 
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e Software Hardware Engineers 

• Intergrated Logistic Engineers 
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salary, benefits & relocation. 
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NELSON. COULSON & ASSOC. 

P.O. Box 1378 
Englewood, CO 60150 
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by Riva Poor. SM MIT 
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LTD. 
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transportation, for visiting professionals. Breakfast too! 
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_ REPORTER _ 

A DIGEST OF NEWS FROM M.l.T. 


PROFESSIONAL 


REGIONAL DIRECTORS 

The MIT Alumni Association is seek¬ 
ing two Regional Directors, to be re¬ 
sponsible for coordinating and 
implementing Association programs 
for alumni residing within specific geo¬ 
graphical areas. There are five such 
Regional Directors, each serving an 
alumni population of approximately 
15,000. There are currently vacancies 
in the New England, Midwest, Wash¬ 
ington, D.C., and Baltimore areas. The 
Regional Director works on Alumni 
Fund programs, club programs, re¬ 
gional conferences, and MIT Enter¬ 
prise Forums. Moderate travel to the 
region is required. Written applications 
stating salary requirements should be 
sent to; 

Dr. Shirley Picardi 
MIT Alumni Association 
Room 10-110 
Cambridge, Mass 02139 

MIT is an equal opportunity employer. 


REAL ESTATE 


MARTHA’S VINEYARD 

Lambert’s Cove. Charming, immaculate. 3-4 bed* 
room Cape in blueberry woods. All nf>odem conveni¬ 
ences. 2 baths, deck, outdoor shower. S800 p.wk. 
July-Aug. S450 p.wk. off season. 2 wk. minimum. 
Phone (617) 693-9189 or 362-8040. 


MISCELLANEOUS 


IDEAS, Inventions wantedi 
Call 1-800-528-6050 
In Arizona. 1-800-352-0458. Ext. 831 


THE CULINARY COMPUTER* 

and the US's top radk>/TV food critic provide private, 
reliable metro-NY dining advice. 10 pages of tersely- 
written reviews. 24-1- top restaurants computer 
selected from a data base of 15.0(XH- reviews. 
Unique indexing scheme allows customized filing. 
Wine charts, travel diets, etc. $27 for 12 information- 
packed issues. Money-back guarantee. 

BOB LAPE’a DINING GUIDE 
Dept TR. Box 11011. Greenwich. Ct. 06830 


CLASSIFIED AOS: S17 00 per lirre. 
three line minimum (Allow 28 letters & 
spaces for lirsi line . 50 letters & spaces for 
each additional line) 

DISPLAY ADS: S70 00 per inch. 3 inch 
maximum 

COPY DEADLINE: Five weeks prior to 
publication dale Payment in advance ol 
insertion required Send orders to Classified 
Section. Technology Review MIT 10-140. 
Cambridge Mass 02139 


Quick Flash 

The shortest flash of light ever produced 
is just 16 femtoseconds long—a femtose¬ 
cond being one millionth of a billionth of 
a second. 

That world record is the work of Pro¬ 
fessor Erich P. Ippen and two graduate 
students, James G. Fujimoto and Andrew 
M. Weiner, who are all in the Optics Com¬ 
munications Group of the Research Lab¬ 
oratory of Electronics. 

Why bother? 

Because extremely short flashes of light 
are the key to extremely fast optical com¬ 
puters—faster than possible with conven¬ 
tional electronic signal processing. Minute 
pulses of light may also lead to a deeper 
understanding of how electronic materials 
operate by making possible extremely 
high-speed imaging, says Ippen. He and 
his students used laser light compressed 
by colliding two pulses together to accom¬ 
plish their new record. □ 

Managing the Second 
Industrial Revolution 

A new $5 million, five-year study of how 
information technology will affect man¬ 
agement—designed to include a set of 
guidelines for the transition from today’s 
management to tomorrow’s—is beginning 
in the Sloan School of Management. 

New information already gives man¬ 
agers unprecedented ability to store, re¬ 
trieve, distill, and communicate the 
information they need to make sound 
business decisions. There are word pro¬ 
cessors, electronic mail, databases, video 
conferences, and many decision-support 
systems. 

Sloan’s Professor Lester C. Thurow 
complains, though, that the result has been 
more an outpouring of data than an in¬ 
crease in managerial efficiency. Double¬ 
entry bookkeeping retains its hold on cor¬ 
porate America even though computers 
offer quicker, better ways of preventing 
embezzlement. Executives continue to dic¬ 
tate letters to secretaries who use word 
processors—devices that make letter writ¬ 
ing so quick that the bosses themselves 
should be using them. “A boss without the 
ability to type at more than 60 words per 
minute is obsolete,” Thurow wrote re¬ 
cently in the Boston Globe. 

Professor Michael Scott Morton of the 
Sloan School says that today’s changes, 


and the problems and opportunities they 
create, are only the tip of an iceberg. Scott 
Morton and his colleagues see information 
technology as the driving force behind 
what they call a second industrial revo¬ 
lution, with profound effects on the struc¬ 
ture, processes, and roles in major 
corporations. Scott Morton speaks of 
“whole new ways to manage the firm . .. 
new markets, products, and services.” 

High Tech and the 
Multiplier Effect 

Considered as an isolated sector, high 
technology has a modest—almost mini,*;- 
cule—effect on the U.S. economy. High- 
technology companies are typically small, 
their products tend to displace workers 
instead of creating new jobs, and their 
needs for capital are modest. 

But high technology is indispensable be¬ 
cause of the multiplier effect on other sec¬ 
tors in the U.S. economy. 

After a two-year study for the Small 
Business Foundation of America and other 
sponsors. Professor David I.. Birch and his 
associate Susan J. McCracken make a 
sharp distinction between high-technol¬ 
ogy, high-innovation, and high-growth 
sectors of the economy. High-technology 
firms are innovators and likely to be fast¬ 
growing. High innovators—airlines, pe¬ 
troleum refiners, and health industries, for 
example—have a special talent for capi¬ 
talizing on high technology, and they are 
the source of new products and services 
that large corporations need for success. 
The latter have a commanding effect on 
the economy because of their sheer size. 
Furthermore, today’s high innovators are 
likely to be tomorrow’s major corpora¬ 
tions. 

“There is no need to produce technol¬ 
ogy to reap its benefits,” says Birch. □ 

Free Market, Low 
Price for Natural Gas 

Users of natural gas are on a knife-edge 
of uncertainty: will there be enough gas, 
and how much will it cost? 

The answers: a shortage, if there is one, 
will be artificial. And whatever the price, 
it may or may not bear any relationship 
to real supply and demand. 

Two policy changes would greatly im¬ 
prove the operation of the natural-gas mar¬ 
ket, say Paul R. Carpenter and Arthur W. 
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Wright of the M.l.T. Energy Laboratory: 

□ Decontrol all gas prices. (As it stands, 
prices of gas from deposits discovered 
since 1977 were decontrolled on January 
1,1985, but “old” gas will continue under 
ceilings established in 1978. 

□ Free pipeline companies to sell gas to 
distributors to whom they are not now 
committed. 

Carpenter and Wright insist that decon¬ 
trol of “old” as well as “new” gas would 
not necessarily cause the price to go up. 
The price of “old” gas would, of course, 
rise when decontrolled, and production 
from these “old” wells would accordingly 
increase. But that new production of me¬ 
dium-priced “old” gas could well replace 
expensive “new” gas in the system, with 
the result that the average price to most 
consumers would fall. 

As it stands, pipeline companies must 
reserve most of their capacity to fulfill 
standing obligations—a constraint that 
sharply restricts competition in the natu¬ 
ral-gas business. 

In a time of surplus—there is now more 
gas available than the nation needs, de¬ 
spite grim the warnings of a decade ago— 
these two measures would work together 
to make gas prices far more responsive to 
supply and demand than they are now. 
Carpenter and Wright even foresee a na¬ 
tional spot market, which they call “the 
ultimate mechanism of market flexibility,” 
in natural gas. □ 

When Computers Fail 

The computer may be watching over you, 
but the results may not be so very useful 
in law enforcement after all. 

Consider, for example, the well-publi¬ 
cized computer matching of welfare 
checks and Massachusetts bank-statement 
records to detect welfare fraud. It sounds 
simple, but it is simplistic, say Professor 
Gary T. Marx and Nancy Reichman of 
M.l.T. The sophisticated criminal will 
simply convert assets to a form the com¬ 
puter cannot find—such as out-of-state 
bank accounts. 

Furthermore, such computer-based de¬ 
tection systems, say Marx and Reichman, 
raise important civil-liberties issues, tend¬ 
ing to “transform the presumption of in¬ 
nocence into an assumption of guilt.” 

Marx is professor of sociology in the 
Department of Urban Studies and Plan¬ 
ning, and Reichman recently received her 
Ph.D. degree from the department. □ 
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Electra. Not just lavishly 
appointed, lavishly 
engineered. 

Buick Electra. The 
name alone speaks 
volumes. 

Per tradition, this 
Electra is very smooth, 
comfortable, and roomy 
(for six adults] and very, 
very luxurious. With supple 
seats, rich upholstery and 
a high level of convenience. 

But we know that 
being luxurious isn’t 
enough for a luxury car 
anymore. So the Electra 
is engineered with the 
latest technology: front- 
wheel drive, four-wheel 
independent suspension 
plus an available B.B-litre 
V-6 with multi-port fuel 
injection. (It's standard 
on the Park Avenue and 
Electra T Type.) 

It is an automobile 


with ample performance 
as well as ample room, 
and with road manners 
as sophisticated as its 
appointments. And the 
Electra was tested in the 
heat of Australia and the 
Alpine hairpins of Germany, 
to make sure it's ready for 
the ultimate test: yours. 

Buckle up and visit 
your Buick dealer. 

To ask any questions, 
request a brochure or 
test drive, call the Buick 
Product Information 
Center, B a.m. to S p.m. 
Eastern time, weekdays: 
1-BOO-B5-BUICK 
(1-BGO-B52-B425I. 





Wouldn't you 

really rather have a Buick"? 


G 



Buicks are equipped 
with engines 
produced at 
facilities operated 
by GM car groups, 
subsidiaries 
or affiliated 
companies 
worldwide. 









Stan Blossom. 
Sun Company 
district engineer, 
with his son, Tony, 
fishing near 
Hillhouse oil rig 
in the Santa 
Barbara Channel. 


SUN, OIL AND THE FISHERMAN'S SON. People get a lot of fish from the 
Santa Barbara Channel. And this is where Sun Company gets a lot of oil—more 
than three million barrels a year! Around here oil is our business. But Sun people 
like Stan Blossom can tell you it’s not our only concern. 

"I work for Sun, but I also fish in these waters. And I want my son’s genera¬ 
tion to fish here too. That’s why precautions like our containment unit are so 
important. In case of a spill, it would quickly surround the oil and help pre¬ 
vent damage. 

"This is just one of the ways we’re helping to make sure there’ll be many more 
years of fishing around here.’’ 

At Sun, we think putting energy back into the environment is as important as 
getting it out. 


THERE'S ENERGY 








